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^® HIV protease Inhibitors useful for the treatment of aids. 

|S»® Compounds of the form 
COA-G-B-B-J 

^^'wherein A is an amine protecting group commonly employed in peptide synthesis. Q a dipeptide isostere, B an 
O amino add or analog thereof, and J a small terminal group are described. Thes compounds are us ful in th 
-^inhibition of HIV protease, th preventton or treatment of infection by HIV and the treatment of AIDS, eith r as 
yyjcompounds, pharmaceutically acceptabi salts, pharmaceutkral composition ingredients, whether or not in 

combination with other antivirals, immunomodulators, antibiotics or vaccines. M thods of treating AIDS and 

methods of preventing or treating infection by HIV are also described. 
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HIV PROTEASE INHIBPrORS USEFUL TOR THE TREATMENT OF AIDS 



The present invention is concenned with compounds which inhibit the protease encoded by human 
immunodeficiency virus (HIV) or pharmaceutically acceptable salts thereof and are of valu in the 
prevention of infection by HIV, the treatment of infection by HIV and the treatment of the resulting acquired 
immune deficiency syndrome (AIDS). It also relates to phamnaceutical compo^tions containing the com- 
5 pounds and to a method of use of the present compounds and other agents for the treatment of AIDS & 
viral infection by HIV. 



BACKGROUND OF THE INVENTION 

70 

A retrovirus designated human immunodeficiency virus (HIV) is the etiologicaJ agent of the complex 
disease that includes progressive destruction of the immune system (acquired immune deficiency syn- 
drome: AIDS) and degeneration of the central and peripheral nervous system. This virus was previously 
known as LAV, HTLV-III. or ARV. A common feature of retrovirus replication Is the extensive post- 
75 translational processing of precursor polyproteins by a virally encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this processing appears to prevent the 
production of normally infectious virus. For example. Crawford, S. et al.. J. Virol., 53, 899, 1985. 
demonstrated that genetic deletion mutations of the protease in murine leukemia virus which prevent 
processing of precursor structural proteins results In non-infectious viral particles. Unprocessed structural 
20 proteins also have been observed in clones of non-infectious HIV strains Isolated from human patients. 
These results suggest that Inhibition of the HIV protease represents a viable method for the treatment of 
AIDS and the prevention or treatment of infection by HIV. 

Nucleotide sequencing of HIV shows the presence of a pol gene in one open reading frame [Ratner, L 
et al.. Nature, 313. 277(1985)]. Amino acid sequence homology provides evidence that the pol sequence 
25 encodes reverse transcriptase, an endonuclease and an HIV protease [Toh, H. et al., EI^BG J. 4. 1267 
(1985); Power. M.D. et al.. Science. 231. 1567 (1986); Pearl, LH. et al.. Nature 3^. S^l (1987)], Applicants 
demonstrate that the compounds of this invention are inhibitors of Hlv"protease. 

30 BRIEF DESCRIPTION OF THE INVENTION 

Compounds of formula I, as herein defined, are disclosed. These compounds are useful in the inhibition 
of HIV protease, the prevention of infection by HIV, the treatment of infection by HIV and in the treatment of 
AIDS, either as compounds, pharmaceutically acceptable salts, pharmaceutical composition ingredients, 
35 whether or not in combination with other antivirals, immunomoduiators. antibiotics or vaccines. Methods of 
treating AIDS, mettiods of preventing infection by HIV. and methods of treating infection by HIV are also 
disclosed. 
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ftT^BFflVTATIQyS 

p^lQ^ ? D- or L-alanine 

Allo-Ile allo-isoleucine 



Arg 



Cys 



Lys 



D- or L-arginme 



Cal (Cha) B-cyclohexylalanine 



D- or L-cysteme 



Gly glycine 
gj^g D- or L-histidine 

L-isoleucine 
D- or L-l€UCine 



D- or L-lysine 
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Designation AninO Acij/R^ffldug 

Het or L-methionine 

Hie ^ L-norleiacine 
Hva L-norvaline 

Orn or L-ornithine 

Ph phenyl 
Phe D- or L-phenylalanine 

Pro D- or L-proline 

Sar sarcosine <N-methylglycine) 

3er D- or L-serine 

Sta statine, (3S , 4S)-4-ami^o-3- 

hyd r 03cy-6-methy Ihep t ano i c 
acid 

Xhr or L-threonine 

Xrp D- or L-tryptophan 

Xyr or L-tyrosine 

Val L-valine 

Protectin g Group 

BOC (Boc) t-butyloxycarbonyl 
BOM benzyloxymethyl 
CBZ (Cbz) benzyloxycarbonyKcarbo- 

benzoxy) 

DNP 2 ,4-dinitrophenyl 

INOC isonicotinoyloxycarbonyl 

IPOC , isopropoxycarbonyl 

OMe methyl ether (methoxy), 

* except when it immediately 
follows an amino acid residue 
abbreviation and it 
represents methyl ester. 
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OEt 



ethoxy, except when it 
immediately follows an amino 
acid residue abbreviation and 
it represents ethyl ester 
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25 



Pftsisnatioii 

HBT(HOBT) 
OMs 



DCCI (DCC) 
DPPA 



(B0C)20 
DEAD 
TEA 
TFA 



Activating Qiqmv 
l-hydroxybenzotriazole hydrate 

methane sulfonyloxy 
Condensing Agent 

dicyclohexylcarbodiimide 
diphenylphosphorylazide 

Reagent 

di-t-butyl dicarbonate 

diethyl azodicarboxylate 

triethylamine 

trif luoxoacetic acid 
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BOP reagent 



50 



BOP-Cl 

DSO 

EDC 



MCPBA 
TBDMS 



CQAjpling Reassnts 
benzotriazol-l-yloxytris- 

(d imethyl-amino ) phos- 

phonium hexaf luoro- 

phosphate 

bis < 2-oxo-3-oxazolidinyl ) 
phosphinic chloride 
N,N* -disuccinimidyl 
oxalate 

l-ethyl-3-(3-dimethyl- 
aminopropyl) carbodiimide 
hydrochloride 
m-Chloroperbenzoic acid 
t-Butyl-dimethylsilyl 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIME^fTS 

This invention is concerned with the us of compounds of fonnula I. combinations thereof, or 
phannaceutically acceptable salts th reof. in the inhibition of HIV prot ase, the prevention or treatment of 
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infection by HIV and in the treatment of the resulting acquired immune deficiency syndrome (AIDS). 
Compounds of formula I are defined as follows: 
A-G-B-B-J I, 
wherein A is: 

5 1)trityl. > # 

2) hydrogen; 
3) 

O 

R^- C - wherein is 
10 a) hydrogen. 

b) Ci-4 alkyl. substituted with one or more halogens adjacent to the carbonyl carbon where halogen 
is F, CI. Br, and I; 

4) phthaloyi wherein the aromatic ring is unsubstituted or substituted with one or more of 
15 a) Ci^ alkyl, 

b) halo, 

c) hydroxy, 

d) nitro. 

e) C,.3 aikoxy, 

20 f) Ci^ alkoxycarbonyl, 

g) cyano. 
h) 

O 
II 

- C -NRz wherein R Is H or C,^ aikyl; , 



30 



5) 



rZ-C-G-C- 



wherein R^.R^. and R* are independently 
35 a)H. 

b) Ci^ alkyl unsubstituted or substituted with one or more of 

i) halo. 

ii) aikyl SOe-. 
lii) aryl SO2-. ^ 

4Q c) Aryl unsubstituted or substituted with one or more of 

i) Ci^ alkyl. 

ii) Ci.3 aikoxy, 

iii) halo, 

iv) nitro, 
45 v) acetoxy. 

vi) dimethylaminocartxjnyl, 
vil) phenyl, 

vi") alkoxycarbonyl 
d) fluorenyl, 

so 6) R^. R't and R* may be independently joined to form a monocyclic, bicyclic, or tricyclic ring 

system which is C3.10 cydoalkyi and may be substituted with 0,^ alkyl. 

0 a 5-7 membered heterocycle such as pyridyl. furyl. or benzisoxazolyl; 

6) 
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R^-M-O-C- 



wherein and are 

a) alkyl. 

b) aryl, 

c) and R^ are joined to form a 5-7 membered heterocycle; 



7) 



o 



R^-SOzNH- C - wherein is aryl unsubstituted or substituted with one or more of 
,5 a) C,^ alkyi, 

b) halo. 

c) nitro. 

d) Ci.3 aikoxy; 



20 



8) 



(0) 



m 




2S 



30 



wherein m is 0-2 and R' is 

a) R' as defined above. 

b) trityl; 

9) 
X 

(R'h P - wherein X is 0, S or NH. and is defined above: 



35 



G is 



H 
I 

- M 



II 



40 



wherein Z is O, S, or i-IH and 
R* is independently 

1) hydrogen, 

2) 



H R'^ o 



II 



(D 



uo 



50 



ill 
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3) -OR. wherein R is H. or alkyi 

4) -NRi. 
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5) Ci^alkyiene -R"; 
wherein n is 0-5 and is independently 

a) hydrogen, 

b) hydroxy, or 
5 c) Ci-<alkyl; 

R'' Is 

a) hydrogen. 

b) aryl, unsubstituted or substituted with one or more of i) halo, 
ti) hydroxy, 

70 til) -NH2, -NO2, -NHR, or •NR2, wherein R is H. or Ci^ alkyi. 

iv) alky I, 

v) C1.3 alkoxy. 

vi) -COOR 
vii) 

IS <i} 

- C NR2, 

viii) -CH2NR2. 
ix) 

O 
II 

20 -CH2NHC R. 
X) -CN, 

xi) -CF3. 
xii) 

O 
II 

25 -NH C R. 

xiii) aryl Ct-salkoxy or aryl alkyI, 

xiv) aryl, 

XV) -NRS02a 

xvi) -OP{0)(ORx)z wherein R» is H or aryl, or 
30 xvii) 

O 
•II 

-0- C -Ci-4aJkyl substituted with one or nnore of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, 0. and S, such as 
imidazolyl. thiazolyl, piperidinyl. furanyl. oxazolyl. thiadiazofyl. piperazinyl. pyridyl, or pyrazinyl, any of which 

35 heterocyde may be unsufcistituted or substituted with one or more of 
t) halo, 

ii) hydroxy, 

iii) -NHz. -NHR. -NR2; 

iv) alkyl, 
-*o V) alkoxy, 

vi) -COOR, 
vii) 
O 

- CNRa, 

45 viii) -CH2NR2, 

ix) * 
O 

II 

-NH CR. 
X) -CN, 

50 XI) CF3, 

xii) -NHSCba 

xiii) -0P(0M0Rx)2 wherein R, is H or aryl, or 
xiv) 

O 
U 

55 -O- C -Ci.4aScyt substrttited with one or more of amine or quaternary amine; 

d) C14 alkyl or alkenyl unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) aikyl. 
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(ii) -NH2. -NHR. -NRa. 
iv) 

NH 

W 

-NH^H . 
5 V) 

NH , 

-NH-C- NH2. 
vi) -COOH, 
vii) 

w o 
-COR, 

viii) -SR, or aryl thio. 
Ix) -SO2NHR; 

x) Ci^ alkyi suifonyl amino or aryl sulfonyl amino, 
IS xi) -CONHR, 
xii) 

0 
11 

-NH c a 
xiii) -OR, 
20 xiv) aryl €1.3 alkoxy. or. 
xv) aryl; 

e) O3.7 cycloalkyi unsubstituted or substituted with one or more of i) hydroxy, 
il) aikyi, 
iii) -NH2, -NHR. -NHR2. 
25 iv) 

NH 
II 

-NH-CH , 

V) 

NH 

30 -NH-t- NH2. 

vi) -COOH. 
vii) 



•OR, 
35 viii) -SR, 

ix) -S02NH2. 

x) alkyl sutfonylamino or aryl sulfonyiamino, ' 

xi) -CONHR. or 

xii) -NH 5 R: 

40 f) 3 5- to 7-membered cartxjcyclic or 7- to 10-membered bicyclic carbocyclic ring whk:h is either 

saturated or unsaturated, such as cyclopentane. cyclohexane. indan. norbomane. or naphthalene, the 
carbocyclic ring being unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or C^^ aJkyI, 
45 ill) 

O 
II 

- COR, 
iv) 

O 
II 

50 -CNRz, 
V) -CH2NR2, 

vi) -SO2NR2; -S(0)yR and y = 0, 1 or 2; 

vii) -NR2. 
viti) 

? 

-NH ca 

ix) all<yl. 

x) phenyl, 



55 
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xi) -CF3. or 
xii) 

R 
I 

- N-SO2R; 

5 g) benzofuryl. indolyl; azabic?/clo C7.11 cycloalkyi; or benzopiperidinyl; 

R*2 is -OH or -NHR'^. wherein R^^ is -H, 
O 

- CH. -Ci^-alkyl, or -COOR; and 
(B) is 

10 1 ) C3.7 cycloalkyi either unsubstituted or substituted with one or more of 

a) alky I, 

b) hydroxy, 

c) -NR2, 

d) -COOR, 
T5 e)-CONHR. 

f) -NHSO2R, 

g) 

o 

II 

-NH C R. 
20 h) aryl, 

i) aryl substituted with Ci^aikyl, 
i) heterocycle, or 

k) heterocycle substituted with Ci^alkyl; 

25 2) phenyl either unsubstituted or substituted with one or more of 

a) hydroxy, 

b) -OR, 

c) -NHR^3, 

d) -COOR. 
30 ^ e) 

II 

- C NRz, or, O 

f)-NH CR; 

35 3) 5 to 7-membered heterocycle such as imidazolyl, thiazolyl. furyl, oxazolyl, piperidyl. piperazinyl, 

pyridyl, or pyrazinyl. any of which heterocycle may be unsubstituted or substituted with one or more of 

i) hak}, 

ii) hydroxy, 
n?) NR2, or. 

40 iv) C1-4 alkyi; 

O Is 



H ' 



OH NHR^' ;rHR'3 ; i„ ' 



'Artierein and R'^ are defined above; 

X Is 0, S or NH; and 

Wis 

1)0H. 

55 2) NHa, 

3) OR. or 
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4) NHR; 
B is. independently, absent, or 



s -NH Z; 



10 

J is 

1) YR'* wherein: 
Y is 0 or NH, and- * — >x 
R^* is \- 

b) alky I, unsubsfituted or substituted with one or more of 

i) -NR2. 
- ii) -OR. 

ill) -NHSOjCi^ alkyl. 
20 iv) -NHSO2 aryl. or -NHSOzidialkylafninoaryl). 
V) -CH2OR. 
vi) -Ci^alkyi. 
vii) 
O 

25 -COR. 

viii) 

O 

u 

- CNRa. 



Cx>OV\ 



30 



35 



40 



ix) -N^^NR2;^'-NH^^^^2 ; 

0' ^CN 
If 

X) -NHCR. 
xi) -NSO2CH3. 

xi i ) -NH^^a^Ph , 
0 



xiii) -NRa® Ae wherein Ae is a counterion, 
45 xiv) -NR'S R16 wherein R'^ and R^* are the same or different and are alkyl joined together directly to 
form a 5-7 membered heterocycie, 
XV) aryl, 

xvi) -CHO, 

xvii) -0P(0)(0Rx)2 wherein R^ is H or aryl. or 
50 ^vii)^ 

-O- C -Ci^kyl substituted with one or more of amine or quaternary amine; 
c) -(CH2CH20)„CH3 or -(CH2CH20)„ H; 

55 2) N(R'*)2; or 

3) -NR'SRi* wherein R'' and R^® are defined above; 
4) 
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14 



wherein: 

Y, R** and n are defined above, and 
,0 R^' is 

a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 

i) halo, 

ii) -OR, wherein R is H or C1-4 alkyl. 

75 iii) 
O 
II 

- COR, 

iv) 

O 
II 

20 - C NR2, 
V) -CHzNRz, 

vi) -SOzNRa. 

vii) -NR|, 
viii) 

O 

-NH C R. 
xi) Ci^ alkyi, 
X) phenyl 
xi) -CF3. 
30 xii) 

- i!i-so2a 

xiii) -Ci-4 alkyl -NRa. 

xiv) -0P(0)(0Rx}2 wherein R^ is H or aryl. or 

35 XV) 

O 
11 

-O- 0 -Ci-iaikyI substituted with one or more of amine or quaternary amine; 

c) Heterocycle as defined below, unsubstituted or substituted with one or more of 

i) halo. 

40 n) -OR, wherein R is H. Ci-4alkyl, or Ci^kenyl, 

iii) 
O 
II 

-Goa 

iv) 

-CNRs. 
V) KJHzNRj. 

vi) .S02NR2, 

vii) -NRa, 
so viii) 

O 

-NH ca 

xi) alkyl. 
x) phenyl 
55 xi) -CF^, 
xii) 
R 

- N-SOaa 
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xiii) phenyl C,^ alkyl. 

xiv) -0P(0)(0Rx)2 wherein Rk is H or aryl, or 



5 -0- C -Ci^alkyl substituted with one or more of amine or quaternary amine; 

d) A 5 to 7 membered> cartocycllc or 7-10 membered bicyclic carbocyclic ring which is either 
saturated or unsaturated, such as cyclopentane. cyclohexane. indan. norbornane. or naphthalane, the 
carbocyclic ring being unsubstituted or substituted with one or more of 
i) hak), 

70 ii) -OR. wherein R Is H or Ci-4 alkyl, 

iii) 
O 
II 

- COR. 

iv)-C NRz. 
II 

V) -CH2NR2 

vi) -SO2NR2, 

vii) -NR2. 
viii) 

?l 

-NH OR. 
xi) Ci^ alkyl. 

x) phenyl 

xi) -CF3. 
25 xii) 

R 

- ISI-SO2R, 

xiii) -0P(0)(0Rx)2 wherein R^ is H or aryl, or 
xiv) 

-O- C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 
or phamnaceutically acceptable salts thereof. 



35 In the compounds of the present invention, the A. G. B arwi J components and the like may have 
asymmetric centers and occur as racemates, racemic mixtures and as individuaJ diastereomers. with all 
. isomeric forms being included in the present invention. 

When any variable (e.g., aryl, heterocycle, a R\ R^. R^ R*. R'. R'**. R'\ R'^. R'\ R'^ R'S R'^ Ae. n. 
Z, etc.) occurs more than one lime in any constituent or In formula I. its definition on each occurrence is 

40 independent of its definition at every other occuaence. Also, combinations of substituents and/or variables 
are permissible onty if such combinations result in stable compounds. 

As used herein except where noted. "alkyP is intended to include both branched- and straight-chain 
saturated aliphatic hydrocartx)n groups having the specified number of carbon atoms (Me is methyl, Et is 
ethyl, Pr is propyl, Bu is butyl); -aikoxy" represents an alkyl group of indicated numtjer of cartx)n atoms 

45 attached through an oxygen bridge; and "cycloalkyl" is intended to include saturated ring groups, such as 
cyclopropyl. cyclobutyl. cyclopentyl. cyciohexyl (Cyh) and cycloheptyl. "Alkenyi" is intended to include 
hydrocartxjn claims of eitlw a straight or branched configuration and one or more unsaturated cartjorv 
carbon bonds which may occur in any stable point along the chain, such as ethenyl. propenyl. butenyl. 
pentenyl, and the like. "Halo", as used herein, means fiuoro. chloro, bromo and iodo; and "counterion" is 

50 used to represent a small, single negatively-charged species, such as chloride, bromide, hydroxide, acetate, 
trrfluoroacetate, perchtorate, nftrate, benzoate, maleate, tartrate, hemttartrate, benzene sulfonate, and the 
like. 

As used herein, with exceptions as noted, "aryl" is intended to mean phenyl (Ph) or naphthyt, 
"Carbocyclic" is intended to mean any stable 5- to 7-membered carbon ring or 7- to 10-membered bk:yclic 
55 carison ring, any of whk:h may be saturated or partially unsaturated. 

The term h terocycle, as used herein except wh re noted, represents a stable 5- to 7-membered mono- 
or bicyclic or stabi 7- to lO-membered bicyclic heterocyclk: ring which is either saturated or unsaturated, 
and which consists of cartjon atonns and from one to three heteroatoms selected from the group consisting 
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of N, O and S. and wherein the nitrogen and sulfur heteroatoms may opti naJly be oxidized, and the 
nitrogen heteroatom may optionally b quat mized, and including any bicyclic group in which any of the 
above-defined heterocyclic rings is fused to a benzene ring. The heterocyclic ring may b attached at any 
heteroatom or cartx>n atom which results in the creation of a stable structure. Example of such heterocyclic 

5 elements include piperidinyl, pipefczinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-ox- 
oazepinyl, azepinyl, pyrrolyl, 4-piperidonyl, pyrrolidlnyl, pyrazolyl. pyrazolidinyl, imidazolyl, imidazolinyl, 
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl. oxazolidinyl. isoxazolyl, tsoxazolidinyl, 
morpholinyl. thiazolyl, thiazolidinyl, isothiazolyl, quinuclidinyl. isothiazolidinyl. indolyl, quinotinyt, 
isoquinolinyl, t)enzimidazolyl, thiadiazolyl. benzopyremyl. benzothiazolyl. benzoxazolyl. fury I. tetrahydrofuryl, 

10 telrahydropyranyl, thienyl. benzothienyl, Ihiamorpholinyl, thiamorpholinyl sulfoxide, thiamorphoiinyl sulfone, 
and oxadiazolyl. 

One embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is independently present twice and Z is 0. In this embodiment, it is preferred that J is 
NH2 and Q is 



I I 
W OH 



20 



I 

OH 



A secxjnd embodiment of the compounds of the present invention consists of those compounds of 
25 Fomiula I in which B is present once and Z is O. In this embodiment, it is preferred that Q is 



30 



H I X 

l^,CH ; >^||^CH, : or 

I - I 

OH W 



H 
I 

'C 
I 

OH 



^ A third embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which B is abserrt In this embodiment, it is preferred that Q is 

R" 

40 H I X H 

i I I 

OH W OH 

45 

A fourth embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which Q ts 



50 OH R' NH2 R' 

-NHy^^\..A^ or -NHv^A.I^X^ 

r9 O R» O " 

55 

A fifth embodiment of th compounds fo th present invention encompasses those compounds of 
Formula I in which Q is 



14 



EP 0 337 714 A2 



-MH 



r 



OH 



or -NH 




p"* O R' u ^ 

> . ■■ 

and B is absent or present once. 

A sixth embodiment of the compounds of the present invention encompasses those compounds of 
Formula I in which G is 



OH R' 



-NH 




NH2 R^ 



or -NR. 




B is absent or present once, and 



J ii 



ll7 

-NH---I-C-- 
,16 



R 



17 



A seventh embodiment of the compounds of the present invention encompasses those compounds of 
Formula I In which 



A IS 



r3 0 

■7 ' " 



OH P 



NHj R' 



G i3 -NHv^/X^.^^-k^ or -NHv^x^-s^-A^^ 



B is absertt or present once, and 



J is 



n 



Preferred compounds of the present invention are compounds I. H. Ill, IV, V, VI, and VII as follows: 
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Compound I : 




N'-(l . l-dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
hyrdroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl- 

phenylalanyiamide ; 
Compound II: 




N-Ben2yl-N'-(l.l-dimethylethoxycarbonyl)-5(?^-amino-4(S)- 
hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-leucyl-amide, 
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Compound III : 




N-benzvl-N' -( 1 , l.dimethylethoxycarbonyl)-5(S)-amino 
4(S)-hvdroxy-6-phenyl-2(R)-(phenylinethyl)-hexanoic 

carboxamide. 
Compound IV: 




M • -( 1 . 1-d imethylethoxycarbonyl ) -5 ( S )-amino-4( S )- 
hydro3cy-6-cycIohexyl-2(R)-(phenyIniethyl)hexanoyl- 

leucyl-phenylalanylamide : 
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Compound V: 




N • - ( 1 • 1 -d i me t hy 1 e t hoxy car bonyl ) -5 ( S ) -amino-4 ( S ) - 
hydroxy-6-ph€nyl-2(R)-(phenylmethyl)hexanoyl-leucyl- 

phenylalanine methyl ester; 
Compound VI : 




M'-(l,l-dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
hyd rory-6-pheny 1-2 (R) - ( pheny Imethy 1 )hexanoy 1- 
isoleucylamide: and 



18 



EP 0 337 714 A2 



Compound VII: 



(CH3)3C-0-C-NH, 




O 




O 



N-(2-(methanesulfonylamino)€thyl)-N'-(l.l-<iiniethyl- 
eth03cycarbonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)- 

(phenylmethyl) hexanoyl-leucylamide . 

Other compounds of the invention include, but are not limited to: N'-{1,l-Dimethylethoxycarbonyl)-5(S)- 
amino-4(S)-hydroxy-6-phenyi-2(R)-(phenyimethyl)hexanoyHeucyl-phenylalanylamide, 
N-Ben2yi-N'(1,1-Dimethytethoxycarbonyl)-5(S)-arntno-4(SHiydroxy-6-phenyl-2(RHphenylnn^^ 

leucyl-amide, 

5(SH(1.1-£^*nriethylethoxycarbonyl)-aminoH(S)-hydroxy-6-phenyl-2(R)-(phe^ 

N'-{1J-Dlrnethylethoxycarbonyl)-5(S)-anriino-4(S)-hydroxy-6s:yclohexyl-2(RHphenylniethy!^^ 

phenylalanylamide. 

5(SHOi1-Dinriethylethoxycarbonyi)aniinoH<S>-hydroxy-6-phenyl-2(R)(phenylmethyl)hexa^^^ Leu-(4-»-Phe>- 
amide, 

5(SH(Phenylnriethyloxycarbonyl)aminoH(S>-hydroxy-6-phenyl-2(R)(phenyiniethyl)hexanoyi Leu-Phe-amide. 
5(SK(1.1-dfnriethylethoxycaffoonyl)aminoH(S)-hydroxy-2(R)-n-butyi-6i3henyl^^ Leu-Phe-amide. 
3-<1(S)-Ben2yloxycarbonylamino-2-phenylethyl phosphinyl)-2(S,R)-{phenylmethyi)propanoyl-L-Leu-Phe- 
amide, 

rH44(Benzyloxycartx3nyi)amino]butylJ-5(SH(1.1^imethylethoxy)carbonylamino]-4(S)-^ 
(RHphenylmethyl)hexanoyt-Leu-amide, 

N'-<1.l-DlmethylethoxycarfcK)nyl)-5(S)-anriino-4<SHiydroxy-6-phenyl-2(RHphenylme^^ 
phenylalanine methyl ester. 

5(SH(1J-t^nnethylethoxycarbonyl)-aminoH(Shhydroxy-6-phenyl-2(R)-(2-naphthylmethyl)hexan^ Leucine- 
Phenylalanine amide. 

5(SH(1.1-Dlmethylethoxycart)onyl)-aminoH(S)-hydroxy-2{R)-(phenylnr)©thyl)nonanoyl^ 
amide. 

5(SH(1»1-0imethylethoxycarbonyl)-aminoH(Shhydroxy-6-phenyl-2(RHphenylmethyl)^ 
hydroxy-l (S)-(phenylmethyl)ethyl-Leu amide, 

5(SH(1.1-dimethy1ethoxycarbonyl)-amirx)H{Shhydroxy-6i>henyl-2(RHph©nyl^ amide. 
N-<2-(Methanesuifonylamino)ethyi)-N'-<1 . 1 -dimethy lethoxycarbonyl)-5(S)-amino-4(S>-hydroxy-6-pheny l-2(R)- 
(phenylmethyl)hexanoyl-teucylamide, 

5(S<-{(1 ,1-Dimethylethoxycarbonyl)-aminol-4{SHiydroxy-6-phenyl-2(R)-(phenylmethy amide. 

5(SH{1.1-Oimethyiethoxycarbonyl)-aminoH<S)-hydroxy-6^ 

hexanoyhLeu-Phe amide, 

5(SH(1 .1 -Oimethy lethoxycarbony l>aminoH(S)-hydroxy-^henyl-2(RHphenylmethyl)ho)^^ 
amtde. 

5<SHCt.1-DimethylethoxycartX3nyl)-amin H(SHiydroxy-6-phenyi-2(RH(4-hydroxyphenyl)methyll-hexanoyl- 
Leth^heamid . 

5(SH<1.1-Oir7iettiylethoxycarbonyl)-aminol-4<SHiydroxy-6iDhenyl-^ 
5{SH<1.1-Oimethytethoxycarbonyl)-aminoH(S)-hydroxy-6i3henyl-2(R)-(phenylmethyl)^^ 
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hydroxy-1(S)iDhenylethyl)Leu amide, 

5(SH(1 . 1 -Dimethylethoxycarbony lhaniino]-4(SHiydroxy-6-pheny l-2(R)-{ph 
acetamidoethyOLeu amide, 

5(SH(1.1-Oimethylethoxycarbonyl)-aminoH(S)-hydroxy-6-phenyl-2(RH3'phenyl^^ 
phenylalanine-amide. ' 

5(SH0 .1 -Oime%lethoxycarbonyl)-aminoH{S)-hydroxy-6-phenyl-2(RHph^ 
hydroxyethyl)Leu amide, 

5(SH{1.1-Dime%lethoxycarbonyl)-amino}-4(S)-hydroxy-6-phenyl-2(R)-(phenyl^ 
benzylamrde, 

5fSH(1.1-Dime%lethoxycart)onyl)amirK»h4(S)-hydroxy-6-phenyl-2(Rh(phenylmet^ 
amide, 

4(SH{1.1-Oimethylethoxycarbonyl)aminoh3(S)-hydroxy-6-methylheptanoyi-gl^^ amide. 
5(SH(1 J -Dimethylethoxycarbony I)amifTOH(S)-hydroxy-6-phenyl-2(RHphen 
dimethylaminopropyl)-ne-amide. 

5(SH(1 . t -Oimethy lethoxycartxjny l)amlnoh4{S)-hydroxy-6-pheny l-2(RH4'-^^ 
phenylalanine amide, 

5(SH(1 J-Oimethylethoxycaiix3ny l)aminoh4(S)-hydroxy-6-phenyl-2(R)-{phenyimethyl)hex^^ valine amide, 

5(SH(1J-Oimethylethoxycarbonyl)aminoH<S)-hydroxy-6-phenyI-2(R)-(phenylmethyl)hexano 

benzyl ester, 

5(SH(1.1-Oime%lethoxycarbonyl)aminoh4(S)-hydroxy-6-phenyl-2(R)-(4'-phenyl-phenylmet^^ 
N-benzyl amide. 

5(SH(1.1-Olmethylethoxycarbonyl)aminoH{S>-hydroxy-6-(2-naphthyl)-2(RHphen 
amide. 

5(SH(1.1-Dimethylethoxycartonyl)aminoH{S)-hydroxy-2(R).6Hjiphenylhexano amide, 
5(SH(1 .1 -Oinriethy lethoxycartx>nyl)aminoJ-4{SHiydroxy-6-pheny^ 
dimelhylamino ethylHIe amide. 

5{SH(1 .1 -Oimethylethoxycar iX)nyi)amino]-4<S)-hydroxy-6-phenyl-2 
pyridylmethyl)l!e amide. 

5(SH(1 .1 -Oimethylethoxycarbony l)aminoH(S>-hydroxy-6-(2-naphthy i^^ 
benzylamide. 

5(SH(1 J -Dime%lethoxycarbony l)aminol4(S)-hydroxy-6-pheny I-2{RHpheny 
amide, 

I^Methyl-5-amino-5Hjeoxy-2,3,0Hsopropylidene-i3-O-ribosy0-5(SH 
hydroxy-6-phenyl-2(R)(phenylmethylHiexanoyi lie amide, 
5(SH(1.1-Dimemylethoxycaitx>nyl)aminoH{S>-hydroxy-6-ph8nyl-2(RH^ 
neopentylglydne amide, 

N-(2(S.R)-Hydroxy-1 (R.SHndanyf)-5<SHl ,1 -dimethy Iethoxycarbonylamino)-4(S)-hydroxy-6-pheny l-2(R>- 
phenylmethylhexanamtde, 

5{SH1 .1 -Oimethylethoxycarbony lamino>-4{SHiydroxy-6-phenyl-2(RH3'^ 
phenylalanine amide, 

5(SH^1-OimethylethoxycartM)nylaminoH{S)-hydroxy-6-phenyl-2(RHphenylmethyf) 
dimethylamino propyl)-VaI annide, 

N-(Methy h^amino-5-deoxy-tf-D-f1bosyl)-5(SK1 .1 "<fimethytethoxycarbony (ami 
(RHphenylmethyOhexanoyHfe amide, 

5(SH(1 .1 -Dimethylethoxycartx>nyl)aminoH(Shhydroxy-6i5henyl-2 
butyiglydne-benzylamide, 

5(SH(1 .1 -Dimethytetboxycarbonyl)amirwH(S)-hydroxy-^^ 
d^iydroxy-propyO-Ile amide, 

5(SH(1J-Oime%lethoxycartwnyl)amirx)H{S)-hydroxy-^heny*-^ 

cyctohexytglycine-amtde. 

5{SH(lJ-Dime%lethoxycaftx)nyOaminoH<S>-^ 

(3;<jimethy< amino propyl) valine amide, 

N -(1,1-Dim thylethoxycart)onyO-5(S>-amincH^SHiydroxy-^ 

hexanoyHSH)henylglycyK2-hydroxyethy!>amlde, 

5(SH1.1-Oinf>emylethoxycartX)nylaminoH<S)-hyclro 

(phenylmethyl>valine amide, 

rKcis-2(S,R)Hydroxy-1 (aSHndanyf>-5(SH1 J -<Smethylethoxycarbonylamino)-4<SHiydroxy-6K 
ben2ytoxyphenylmethyi>-2(RHphenylmethyl)hexanamlde, 
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5(SH1J-Dimethy!etho)cycarbonylaminoH(S)-*iy^''0'^'€-phenyl-2(RHphenylm thyl)-hexanoyl-N-[2- 
(imida20l-4-yi)-l-(hydr xymethyl>-propylHl -amide, 

4(S)-((1,1-Dimethylethoxycarbonyl)aminoh3{S)-hydroxy-5<yclohexylpentanoyl-glutamyl-ph 
amido, 

5(SH(1.1-DimethyIelhoxycarbonyl)aminoh4(S)-hydroxy-6-phenyl-2(RH3'phenylprop-2 -en-1 -yl) hexanoyi - 
(S)-phenylglycine amide, f 

5(SH(1 .1 -Oimemylethoxycarbonyl)aminoH<Shhydroxy-6-pheny t-2(RH4^^ 
amide, 

5{SH1.^Dimethylemoxycartxx^ylaminoH(S)-hydroxy-6-phenyl-2(R)-(phenylmeU^ 
amide, 

N-{2(S or R)-hydroxy-t,2.3,4-tetrahydro-l(R or S)-naphthyl)-5(SH1.1-ciimethylethoxycarbonyiamino)i-4(S)- 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide, 

N-(2(R or S)-hydroxy-1,2.3.4-tetrahydro-1{S or R)-naphthyl)-5(SH1.1-dimethylethoxycarbonyiamino)-4{S)- 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide. 
N^cis-2(S,R)-Hydroxy-1 (R,S)-indanyl)-5{SH1 «1 -<i'rn©thylethoxyca^ 
hydroxy phenyl)-2(R)-phenylmethylhexanamide, 

5(SH1.1-Oimethylethoxycarbonyl)amino-4(S)-hydroxy-6-pheriyl-2(RHphenylmethyl)hexano 
hydroxypropyl)-Val-amide. 

N-(cis-2(R>-Hydroxy-1 (SHndanyl)-5(S)-(1 .1 -dimethylethoxyca^bony^amino)-4{S)-hydroxy-6-phenyt-2(R)- 
phenylmethyl-hexanamide, 

5(SH1.1-OimethylelhoxycarbonyiaminoH<S)-hydroxy-3(S or R)-hydroxy-6-phenyl-2(R)-phenyimethyl- 
hexanoyl-Leu-Phe-amide. 

5(SH1.1-0imethylethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(RH3'-pheny!prop-2-en^ 
(2(R,S).3-dihydroxypropyl)phenylglycine amide,' 

5(SH0.1-Dimethyiethoxycarbonyl)aminoh4<S)-hydroxy-6iDhenyl-2(R)-(phenylmethyl)hexan 
benzimidazolyl methyl)lle amide 

5(SH1»1-DimethylettK)xycarbonylaminoH<S)-hydroxy-6-phenyt-2(RHphenylmethyl)hexanoyl-N 
lie amide, 

N-(Methyl-5-amlno-5-deoxy-)3-D-ribosyl)-5(S)-{1 . 1 -dimethylethoxycarbonylamino)-4{S)-hydroxy-6-phenyl-2- 
(R)-phenylmethyliiexanoyf-Val amide, 

N-(Methyl-5-amino-5<leoxy-2,3,0-isopriDplidene-^-D-ribosyl)-5(SH1,lKlime%lem 
hydroxy-6-phenyl-2(RHphenylmethy1)hexanoyl-Val amide, 
5(SH1.1-DimethylethoxycarbonyiaminoH(S)-hydroxy-6-phenyl-2(R)(plieny!metfi 
methoxyethoxy)ethyl]isoleucine amide, 

5(SH1 .1 -Din^ethy lethoxycarbonylaminoH<S)4iydroxy-6-pheny l-2(RH3'p^ 
dlhydroxypropyl)-phenytglycine amide. 

[4(SH1 .1 -Dimethylethoxycarbonylamirx)>-3<S)4iydroxy-5-pheny lpentafK>yl]-S-glutamy l-S-pheny lalani 
amide. 

5(SH(1.1-Dimethylethoxycarboriyl)amino]-4{S)-hydroxy-6-phenyl-2(RHP^ony*«^ 
lmtdazolyt)ethyl] valine amide. 

N-(cis-2(R)-Hydroxy-1 (SHndanyl)-5-(SH1 ,1 -dimethylemoxycarbonylamino)-4(S)-hydroxy-6-phenyl*2(R)-(3'- 
phenytprop-2'-en-1 '-yl)hexanamide, 

N-(1(R or S), 2(S or R)-Dihydroxy-3-(S or R)-indanylh5(SH1»l-d»niettiylethoxycarbonylaminoH(S)-hydroxy- 
6-phenyl-2(RHphenylmethyl)hexanamide. 

N-[2(R)-Hydroxy-1 (SHndanyll-5(SH(1 ,1 -dimethylethoxycarbony l)aminoH<S)-hydroxy-6-(4.hydroxypheny I)- 
2(RHphenylmethyl) hexanamide, 

5(SH{1 .1 •Dimethylethoxycarbonyl)amino}-4{S)-hydroxy-6i:henyl-2(RH<4-iodophenyi)met^ valine 
amide. 

N-(cis-2(R)-Hydroxy-1(SHridanyl)-5(SH(1.1-<l»fn©thylethoxycarbonyl)amino)-^ 
todophenyiynethyl)hexanamide, 

5(SH(1 ,1 -Oimethyiethoxycarbonyl)amtnoH{SHiydroxy-6i)heny l-2(R - 
pipencfinyl)ethyl)valine amide, 

5(SH(1 »1 -Dimethytethoxycarbonyl)aminol-4<SHiydroxy-6i>heny 1-2^^ 
hydroxyethyl)valine amide, 

5(SH(1.1-DimethylethoxycarbonyOaminol-2(R)-phenylm thyl-4<S)-hydroxy-6-ph nyl-hexanoyl-N-(2-I(2- 

nr^oxyelhoxy>-ethoxy]ethyi)isoieucine amid , 

5(SH1 .1 -Oiniethy lethoxycarbony lamlno>-2(RH5heny lme%M(S)^^ 

dim thylaminonaphthylsulfonamido)ethyt}isol ucine amid , 
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5(SH 1 . 1 -Dimethylethoxycarbonylamino)-4<S)-hydroxy-6i3henyl-2(R)-(phenylmethy))hexanoyl-^ 
diethylamino2(R.Shhydroxypropyl)vaIine amide. 

N-{1(R or S), 2(S or R)-dihydroxy-3-(S or R)-indanyl)-5(S)-(1.1-dimethylethoxycarbonyiafnino)-4(S)-hydroxy- 
6-(4'-hydroxyphenyi)-2(RHphenyImethyl)h xanamide. 

N-(cis-2(R)-Hydroxy-1 (S>-indany l)-5{Sf-(1 . 1 -dimethy lethoxycarbonylamino)-4<S)-hydroxy-6-{3- 

dimeihylaminomethyl-4-hydroxyphenyl)-2(R)-{phenylmethyl)hexanamide. 

5(SH{1 J-Oimethylethoxycarbonyl)amino]-4(S)-hydroxy-6-phenyl-2(RHphenylme%l)-h 

benzimidazoylmethyl)valine amide. 

5(S>-[(1,l-Dimethylethoxycarbonyl)amino]-4(S)-hydroxy-6-phenyl-2(R)-{phenylmethyl)-hexanoyl-N-{^^ 
imida20l-4-yl))-1 -hydroxymethylethyI]va!ine amide, 

N-(cis-2(R)-Hydroxy-1(S)-indanyl}-5(SH(1.1-<ii™thylethoxycarbonyl)aminoH(S)-hy^ 
(R)-(phenyimethyi)hexanamide. 

5(S)-[( 1 . 1 -Oimethy lethoxycarbonyl)amino}-4(S)-hydroxy-6-pheny l-2(RHpheny imetfiyl)-hexanoyl-N-(4- 
dimethyiaminobenzyl)vaiine amide, 

5(SK(1 . 1 -Dimethy lethoxycarbony l)amino]-4(S)-hydroxy-6-pheny l-2(R)-(pheny Imetfiyl)-hexanoyl-N-(2- 
benzimida20lyimethyl)pheny!glydneamide. 

3(1-{1RH1.1-DimethylethoxycarbonyIamino)-2-(phenylethyl)phosphinyl]-2{S or R)-phenyimethyI'N-(2(R)- 
hydroxy-l*indanyl)propanamlde, 

5(SH(1,1-Dimethylethoxycarbonyl)aminol-4(S)-hydroxy-6-phenyl-2{R)-(phenylmethyl)hexa^ 
benzimidazolyi)valine amide. 

N^2(R)-hydroxy-1(SHndanyl)-5(SH{'^-pyfidinylmethoxycarbonyl)aminoH(S)-hydroxy-G-phe^^^ 
(phenylmethyl)hexanamide, 

N-(2(R)-hydroxy-1(SHndanyl)-N'-[(1-methylethoxycarbonyl)aminoK(S)-hydroxy-6-phenyl-2(R)- 
(phenyimethyl)hexanamide, 

5(SH1,l-DimethylethoxycarbonylaminoM(Shhydroxy-6-phenyl-2(R)-(4'-iodophenylmethyl)hexanoyl-N-(^ 
dimelhylaminopropyl)-valine amide. 

N-(ben2y!)-5(SH1.1-d'nriethylethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)-(ph 
valine thiomide. 

N^1(R),2(S)-dihydroxy-3{SHndanyihN'-(t.1<ilmethylethoxycarbonylamino)-4(S)-h 
(3 phenylprop-2 en-yl)hexanamide, 

N-[4(Shbenzopyranylh5(SH1,l-dimethylethoxycarbonylaminoH(Shhydroxy-6-^ 
hexanamide. 

N-[4{R,SH)enzopyranyl]-5(SH1 ,1 -dimethylethoxycarbonylamino)-4(SHiydroxy-6-phenyl-2(R)- 
(pheny(m€thyl)hexanoyl-valine amide. 

N-<al!yl-5-amino-5KJeoxy-2.3-0-isopropylidene-^-D-ribosyl)-5(SH1 J<limethylethoxycarte^ 
hydrDxy-6-phenyl-2(RHphenylmethyI)hexanoyl-valine amide. 
5(SH(1.1<iiniethylethoxycarbonyl)aminoH(Shhydroxy-6-phenyl-2(R)-(phenylmet^ 
melhylaminoethyl)-valine amide, 

N-(ds-1 -hydroxy-cyclopent-2-en-3-yl)-5(SH1 . 1 -dimethylethoxycarbonylaminoH{S)-hydroxy-6-phenyf-2(R)- 
(phenytmethyl)hexanamide. 

5(S)-[(1.1-dimethylethoxycarbonyl)aminoH{Shhydroxy-6-phenyl-2(R)Kphenylmethyl)hexanQyl-N-(3 
5HS0xa20layi-methyi)vaIlne amide, 

N-<cis-2(R)-hydroxy-1(SHndanyl)-5(S)-ben2yloxycarbonylamino -4{S)-hydroxy-€-phenyi-2{RHp^ienylmethyl)- 
hexanamide, 

^H2-hydroxyethyl)-5(SH1J<fi^^ethyiethoxycarbony^ami^)oH(SH^ydroxy-2{Rh(phen 
isoleucyl*amide, 

5(SH1 »1 -dimethy Iethoxycartx5nylamlnoH{Shhydroxy-6iDhenyl-2(RHphe 
phenyl gtyctne amide, 

N-{cis-2(R or S)-amtnocarbony(-1(S or R)-indanyl>-5(SH1.1-<l»nriethylethoxycarbonyIaminoH<SHjydroxy-6- 
phenyf-2(RHphenyfmettiyl)hexanamtde, 

l^2(RHiydroxyM(SHndanyl)-6(SH(1.1-<limethy!ethoxycarbonyI)ami 
(RH^-tiydroxypfrenyfmethyOhexanamide, 

N-(cis-2(R or S)-carboxy-1 (S or RHndanyl>-5(SH1.1<linriethylethoxycarbonylamino)-4(S)-bydroxy-6-phenyl- 
2(RHphenylmethyOhexanamide, 

N-<C3S-2(R)-hydroxy-1 (SHndanyi)-5-<1 ,1 -dimethylethoxycarbonylamino>-4{SHiydroxy-6-pheny»-2(RH4- 
mtrophenyfmethyOhexanamid . 

5(SH1 J -<3imethylettK>xycarbonylamino)-4<S)-hydroxy-^henyl-2(RH4-^ 
hydroxyethyl)-phenylglydn amid , 
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N-(cis-2(R)-hydroxy-l (S)-indanyl)-5(S)-{l . i -dimethylethoxycarbonylaminoH(S)-hydroxy-6-phenyl-2(R)-(4- 
aminophenylmethyl)-hexanamide, 

n'-(1 J-dimethylethoxycarbonylh5(S)-amino-4{S)-hydroxy-6-phenyl-2(RHphenylmethy!)hexanoyi-N^ 
morpholino)propyl)l-valine amide, 

N-[5-amino-5-deoxy-D<ibosylh5{SH1.1-dimethyiethoxycarbonylaminoH<S)-hydroxy-6-phenyI-2(R)- 
phenylmethyl-hexanoyl-valine amWe, 

N-(5-amino-5Hjeoxy-2,3.0-isopropylidene-D-ribosyl)-5(SH1.1-dimethylethoxycarbonylamin 
phenyl-2(R)-(pheny!methyl)hexanoyl-valine amide, 

5(SH(1 J<Jimethylethoxycarbonyl)amino]-4{S)-hydroxy-6-phenyl-2{R)-(phenylmethyl)hexanoyl-N^ 
pyridylmethyl)valine amide, 

5(SH(ljKjimethylethoxycarbonyl)amino]-4(S)-hydroxy-6-phenyl-2{R)-(phenylmethyl)hexanoyl-N-(2- 
pyridylmethyl)valin8 amide, 

5(SH(1.'«-dimethylethoxycarbony!)amino]-4(R)-benzyl-4{S)-hydroxy-6-phenylhexanoyl-N-(2-[2-(2- 
methoxyethoxy)ethoxylethyl)valine amide, 

5(SH{1.l-dtmethylethoxycarbonyl)amino]-2(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl^ 
pyridylmethyl)va(ine amide, 

N-(cis-3(S)-hydroxy-4(S)-ben2opyranyl]-5(S)-(1,1-dimethylethoxycarbonylamino)-4(S)-hydroxy-6-ph 
phenylmethyl-hexanamide, 

N-<1 R.2S-dihydroxy-3S-indanyl)-5(SH1 .1 -dimethyletfioxycarbonylamino)-4(S)-hydroxy-6-(4 -hydroxy phenyt)- 
2{R)-(4 -hydroxyphenyl)methylhexanamide, 

N-(cis-2(R)-hydroxy-1{S)-indanyi)-5(SH1 J-dimethylethoxycarbonylaminoH(S)-hydroxy-6-phenyl-^ 
(phenylthiomethyi)hexanamide, 

Dilithium N-(2-phosphoryloxyethyl)-5(SH1.1-<J>methylethoxycarbonylamino)-4(S)-hydroxy-2(R)- 
(pheny!methyl)hexanoyl-isoteucylamide, 

N-(Methyl-5-amino-5<ieoxy-(a^)-D-xylosyl)-5{SHl.l-dimethylethoxycarbonylamino)-4(S)-hydroxy-6-^ 
2(R)-(phenyimethyl)hexanoyl-lle amide, 

5(SH(4-pyridylmethoxycarbonyl)amlnoH(S)-hydroxy-6-phenyl-2(RHphenylmethyi)hexanoy!-N-{2- 
benzimida20lylmethyl)-l!e amide, 

N-(cis-2(R)-hydroxyM(S)-indanyl)-5(SH1 J<limethyIethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(Rh 
(1 ,1 ■dimethylethyl)phenylmethyl)hexanamide, 
or pharmaceutically acceptable salt thereof. 

The pharmaceutically-acceptable salts of the compounds of Formula I {in the form of water- or oil- 
soluble or dispersible products) include the conventional non-toxic salts or the quaternary ammonium salts 
of these peptides, which are formed, e.g., from inorganic or organic acids or bases. Examples of such acid 
addition salts include acetate, adipate, alginate, aspartate, benzoate. benzenesulfonate, bisulfate. butyrate, 
citrate, camphorate, camphorsulfonate. cyclopentanepropionate, digiuconate, dodecylsulfate, ethanesul- 
fonate, fumarate. glucoheptanoate, glycerophosphate, hemisuffate. heptanoate. hexanoate. hydrochloride, 
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate. lactate, maleate, methanesulfonate, 2-naph- 
thalenesultonate, nicotinate. oxalate, pamoate, pectinate, persulfate, 3-phenylpropionate, picrate, pivaiate. 
propionate, succinate, tartrate, thtocyanate, tosyiate. and undecanoate. Base salts include ammonium salts, 
alkali metal salts such as sodium and potassium salts, alkaline earth metal salts such as calcium and 
magnesium salts, salts with organic bases such as dicyclohexylamine salts. N-methyl-O-glucamine, and 
salts with amino adds such as arginine, lysine, and so forth. Also, the basic nitrogen-containing groups may 
be quatemized with such agents as lower alkyi haiides, such as methyl, ethyl, propyl, and butyl chloride, 
bromides and iodides: diaJkyI sulfates like dimethyl, diethyl, dibutyl; and diamyl sulfates. long chain haiides 
such as decyl, lauryl. myristyl and stearyl chlorides, bromides and iodides, aralkyl haiides like benzyl and 
phenethyl bromides and others. 

HIV protease inhibitors of Formula I may be prepared in accordance with well-known procedures for 
preparing peptide analogs from their constituent amino acids or analogs thereof. In general, once the G 
substituent is made, the rest of the synthesis follows the principle of amide bond formation by the coupling 
methods of either solution-phase or solid-phase peptide synthesis. The addition and removal of one or more 
protecting groups is also typical practice. 

Structures and abbreviations for the G components of the inhibitors of the present invention include: 
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OH 

= 11 

O 



a hydroxyethylene dipeptide isostere prepared, for example, by an intermediate lactone according to Evans. 
B.E. et al J. Org. Chem. 4615(1985) or Kempf. D.J. J. Org. Chem. 51^. 3921(1986). Synthetic routes to 
similar peptide bond isosteres. such as 



'5 




H-N ; i 
H OH y\ 



Call CH(0H)CH2] Val, 

30 

are readily available. The intenmediate B0C-Cai[CH(0H)CH2]Val-0H lactone Is obtained from intenmediates 
prepared using methods described by P. Buhlmayer et aJ, in Published European Patent Application 
184,550-A2. Other synthetic routes to peptide bond isosteres of like character are described in the 
following: 

j5 a. Szelke et al, in Peptides. Structure and Function. Proceedings of the Eighth American Peptide 

Syrnp(ed- VJ. Hruby and D.H. Rich) pp. 579-82. Pierce Chemical Co.. RockfordJU 

b. O.T. Pals et al in European Patent Appin, 1 73.481 -A2; 

c. AM, Fray et a[. J. Org. Chem., 51^. 4828-4833 (1986); and 

d. M. Szelke et al, PCT Int Appl. WO 84 03.044; 

Structures and abbreviations for other G components of the inhibitors of the present Invention include: 



45 




H OH O 



with 80C-ACHPA-0B being prepared by th method de^bed by Soger et al., J. Med. Chem., 1985, 28, 
1779-1790; — 
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4. 



H OH O 
SCatino (Sta) 



with BOC-Sla-OEt being prepared in accordance with the procedure described by Rich et al., J. Org. 
Chem.. 43, 3624 (1978); 



H— ! 




with BOC-AHPPA-OEt being prepared as described by Rich et al.. J. Org. Chem., 23, 27-33 (1980); 



H NHa O 
ArrftCHPA 




with BOC-AmSta(CBZ>-OH being prepared as shown In the following Scheme, and BOC-AmACHPA(CBZ)- 
OH being prepared as illustrated in the Schem by substituting BOOACHPA-OEl for BOOSta-OEt 
Synthesis of protected 3-amino-3-deoxy-<3S, 4S)-statin : 
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r .t . 

pyridine 
1-3 hr. 



0 

CH-j-S-Cl (1.1 eq.) 
0 



Evap., 35 'C 
I Pump 2-4 days 



Aqueous workup 

EtOAc/101 citric acid (Pre-ehaken before 

dissolving up 
. crude product) 



Oiled out from 
EtOAc/Hexane 



BOC-NH 




;Q£t greater than 95Z yield 



0 — S-CH-1 greater than 951 purity (TLC, NMR) 
n 
0 
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CECI3 



1 eq. , 45'C, 18 hr 



BOC-NH 




+ 20% elimination 



Aqueous 
workup 



1001 elimination 



CHCl^/EtOH 



i 



Pt02/H2 

40 lbs . , 4 hr . 



BOC-NH 




The amine is isolated by extraction into weak acid. Protection of the amine function is pertonned as follows: 



BOC-NH 




27 



EP 0 337 714 A2 



Et3N 
CH2CI2 



to 



u 
0 



15 



20 



BOC-NH 




•OEt -F excess CBZ reagent 



NH-CBZ 



25 



(predominantly R at position 3 
as shown). 



30 



35 



40 



45 



Base hydrolysis gives the free acid for incorporation into the synthesis of the compounds of Formula !; or 
alternatively, this material may be prepared as described by Jones et al, in Peptides, Structure and 
Function. Proceedir>gs of tfie Ninth American Peptide Symposium (eds. C. M. Debar, V.J. Hruby and KTa 
Kopple) pp. 759-62, 1985, Pierce Chemical Co., Rockford, IL; Arrowsmith et al. J. Chem. Soc. Chem. 
Commun. 755-7 (1986); and Raddatz et al, "Published Eur. Pat Appl. 161,588; 
with efficient methods for preparing the 2-substltuted statine component Q (such as 



8. 



H— ] 




( 2 - is o buc y 1) RCHPA 



50 



55 



in a suitably protected fomi being described in Pub. Eur. Pat Appln. 157.409 (with other pertinerrt 
refererxres including D. Veber et ^, Bfochem. Soc. Trans., 12, 956-959 (1984) and H. Stein et aJ, Fed. Proc 

45, 869, Abstract No 4151 (1986)). ~ 

Amide couplings used to fomi the compounds of this invention are typically performed by the 
carboditmide method with reagents such as cficydohexylcarbodiimide, or N-ethyi. n'-(3- 
dim thylaminopropyl) cartwdfimide. Other methods of forming the amide or peptide bond Include, but ar 
not limited to synthetic routes via an add chlorid . azide, mixed anhydride or activated ester. Typically, 
solution phase amide couplings are performed, but sofid-phase synthesis by classical Menifield techniques 
may b employed instead. 
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The selection of prot cting groups is, in part, dictated by particular coupling conditions, in part by the 
amino acid and peptide components involved in the reaction. Such amino-protecting groups ordinarily 
employed include those which are well known in the art, for example, urethan protecting substituents such 
as benzyloxycarbonyl (carbobenzoxy), p-m thoxycarbobenzoxy, p-nitrocarbobenzoxy. t-butyloxycarbonyl, 
5 and the like. It is preferred to utilize t-butyloxycarbonyl (BOC) for protecting the a-amino group in the amino 
acids undergoing reaction at the ^arboxyl end of said amino acid, in part because the BOC protecting group 
is readily removed by relatively mild acids such as trifluoroacteic acid (TFA). or hydrogen chloride in ethyl 
acetate. 

The OH group of Thr. Tyr or Ser and analogs thereof may be protected by the Bzl (benzyl) group and 
w the epsilon-amino group of Lys may be protected by the IPOC group or the 2-chlorobenzyioxycarbonyl (2- 
CI-CBZ) group. Treatment with HF or catalytic hydrogenation are typically employed for removal of IPOC or 
2-CI-CBZ. 

One scheme for preparing compounds of Formula I is presented below. Example I specifically 
illustrates the application of the following Scheme (1) to specific compounds. 

IS 

SCHEME I 



20 



(CHOjSlCHjMgCl OH 



25 



a 

O 

T 2) diethyl ralonBCQ, i rcXDEt 

R* 1 odium •choxldQ « 



35 

a»«« 1^^ ^ 2) citric «eid I ^ 

Pj ««« 3) & 

40 

Illustrations of the product of Scheme I includes the following compounds of Table I 



45 



50 



55 
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TABLE I 




30 



EP 0 337 714 A2 

PhCH2- -CH^^'"'^^^^^^ 
PhCH2- 

PhCH2- -CH2 — 0(CH2)2Ph 
PhCH2- 

PhCH2- -CH2-CH=<:H-^.(^^ 

PhCH2- -CH2 — 

PhCHj- -(CH2)20CH3 
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PhCH2- 



10 




40 

(CH3)2CHCH2- 

^ PhCH2- 

(CE3>2CH- 

50 



-CB2Ph 
-CH2PH 
-CH2Ph 




-CH2CH(CH3)2 

CHq 
-CHCH2CH3 

-CH2PI1 
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B groups ar added onto the carboxyl t rminal end by, for xample, amide coupling in Scheme II. See 
Example 1 for specific illustration. 




Products of Scheme II include compounds with substituents listed in Table II. 



35 



40 



46 



50 



55 
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TABLE II 



BOCNH 




B-B-J 



PhCH,- 



*CB2Fh 



B-B-J 



-CHj-CH-CH-Ph -LexiPhctNHj] 



-LeuPhelNHjl 



PhCH2- 



PhCHj- 



-CHjPh 



-CHjPh 



PhCHj- 



PhCHj- 



-CHjPh 



-(CH2)3CH3 



-LeuPhe{0CH3] 
-LeuPherNHjJ 



PhCHj- 



-CH2Ph 
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J-B-J 




CH,- -CH,Ph 



70 



IS 



PhCHj- 




-CH 



20 



25 



CH3(CH2)3- 
PhCH2- 



PhCH. 



30 



35 



PhCHj- 



^H^Ph -LeuPhelNHj] 



-OH 



Ph 



-CHjPh 



□ 



-LeuPhelNHjl 



40 PhChj- 



-L€uNH, 



0 

ft ' 
-NHCCH- 



PhCfl2- 



-CHjPh 



-LcuNH/ V— OH 



50 



55 
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— ^\ — — R\ B-B'J — 

g PhCH2- > -CH2Ph -LetiPh 




75 



Hj- -CHjPh -lleNH 



20 



PhCH20.CH2- -CH2-Ch2-Cfl2-Ph -IlePhe(NH2] 



30 



PhCH20-CH- -CHjPh -IleKH ^.^^^y^ OH 

^*^^2- -CH2ph _ -(CH2)2NHS02CH3 




35 

PhCH2- -CH2-CH»CH-Ph -IlcNH 



40 

0 

^ttCH2- -CHjPh -KH | 




NH2 



Ph 



Additional J groups are added by Schemes Ilia and lllb. 

50 



55 
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10 



CI Y j|M _ iij- oil 



?~T i»"«'«im OK < 



See also Example 4. Product compounds include those of the following Tables Ilia & lllb. 
IS TABLE Ilia 



20 



on r; 




25 



30 



40 



45 



SO 
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— B^^_^ -WH-rJA anri other J yroup 

PhCB2 *-CH2Ph . -NH-(CH2)2CH(CH3)2 

PhCH2 -CH2Ph -NH-CH2^^^^NH2 



PhCH- 



PhCH2 -CH2Ph 



-CH2Ph -NH-CH2 




CE3 



CI 

PhCH2 -CH2Ph -NH-CH2 




CI 
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TABLE TTTh 



BOCKH 




b 



1^2 Bj^2 .ffil^sl^. 



PhCH2 -CH2Ph -N N-CH3 



PhCH2 -CH2Ph -N N'^Ph 



PhCH2 -CH2Ph . 



-O 




PhCH2 -C:H2Ph 

a benzopiperidinyl J group. 

CONH2 

PhCH2 -CH2Ph 
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The compounds of the present invention are useful in the inhibition of HIV proteas , the prevention or 
treatment of infection by the human immunodeficiency virus (HIV) and the treatment of consequent 
pathological conditions such as AIDS. Treating AIDS or prev nting or treating infection by HIV is d fined as 
including, but not limited to, treatinq a wide range of states of HIV infection: AJDS, ARC (AIDS related 
5 complex), both symptomatic and asymtomatic, and actual or potential exposure to HIV. For example, the 
compounds of this invention are useful in treating infection by HIV after suspected past exposure to HIV by 
e.g.. blood transfusion, accidental needle stick, or exposure to patient blood during surgery. 

In the present invention, compounds with asymmetric centers may occur as racemates. racemic 
mixtures and as individual diastereomers. witii all isomeric fomns of the compounds being included in the 
10 present invention. 

For these purposes, the compounds of the present invention may be administered orally, parenteraily 
(including subcutaneous injections, intravenous, intramuscular, intrastemal injection or infusion techniques), 
by inhalation spray, or rectally. in dosage unit formulations containing conventional non-toxic 
pharmaceutical! y-acceptable carriers, adjuvants and vehicles. 
15 Thus, in accordance with the present invention there is further provided a method of treating and a 
pharmaceutical composition for treating HIV infection and AIDS. The treatment involves administering to a 
patient in need of such treatment a pharmaceutical composition comprising a pharmaceutical carrier and a 
tiierapeuticaJly-effective amount of a compound of the present invention, or a pharmaceutically-acceptable 
salt thereof. 

20 These pharmaceutical compositions may be in the form of oraily-administrable suspensions or tablets; 
nasal sprays; sterile injectable preparations, for example, as sterile injectable aqueous or oleagenous 
suspensions or suppositories. 

When administered orally as a suspension, these compositions are prepared according to techniques 
7/ell-known in the art of pharmaceutical formulation and may contain microcrystalline cellulose for imparting 
25 bulk, aiginic acid or sodium alginate as a suspending agent, methylcellulose as a viscosity enhancer, and 
sweetiiers/flavoring agents known in Uie art. As immediate release tablets, ttiese compositions may contain 
microcrystalline cellulose, dtcateium phosphate, starch, magnesium stearate and lactose and/or other 
excipients, binders, extenders, disintegrants, diluents and lubricants known in tiie art 

When administered by nasal aerosol or inhalation, these compositions are prepared according to 
30 techniques well-known in the art of pharmaceutical formulation and may be prepared as solutions in saline, 
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance bioavailability, 
flourocartrons, and/or other solubilizing or dispersing agents known in the art 

The injectable solutions or suspenstons may be formulated according to known art, using suitable non- 
toxic, parenterally-acceptable diluents or solvents, such as mannitol. 1,3-butanediol, water. Ringer's solution 
35 or isotonic sodium chkDride solution, or suitable dispersing or wetting and suspending agents, such as 
sterile, bland, fixed oils, including synthetic mono- or diglycerides, and fatty acids, including oleic add. 

When rectally administered in the form of suppositories, these compositrans may t^e prepared by 
mixing the drug witii a suitable non-irritating excipient. such as cocoa butter, synthetic glyceride esters or 
polyethylene glycols, which are solid at ordinary temperatures, but liquidify and/or dissolve in the rectal 
40 cavity to release the drug. 

Dosage levels of the order of 0.02 to 5.0 or 10.0 grams-per-day are useful in the treatment or 
prevention of the above-indicated conditions, with oral doses two-to-five times higher. For example, infection 
by HIV is effectively tireated by ttie administration of from 10 to 50 milligrams of tfie compound per kilogram 
of body weight from one to three times per day. It will be understood, however, ttiat the specific dose level 
45 and frequency of dosage for any particular patierrt may be varied and will depend upon a variety of factors 
including the activity of the specific compound employed, tfie metabolic stability and length of action of tiiat 
compound, the age, body weight, general health, sex, diet mode and time of administi-ation. rate of 
excretion, drug combination, ttie severity of ttie particular condition, and the host undergoing therapy. 

The present invention is also directed to combinations of the HIV protease-inhibltory compounds with 
so one or more agents useful in the treatment of AIDS. 

For example, ttie compotes of this invention can be gwen in combination with the antivirais, 
immunomodulaters, antibtotics or vaccines or other derivative forms ttiereof as listed in ttie Table IV 
[source: Mark tietter , Nov. 30. 1987. pp. 26-27; Genetic Engineering News, Jan. 1 988, Vot 8, 23]: 

55 
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Drue Nang 

AL-721 



A* Antivjrflls 
Ethigen 



Tnriigation 
ARC, PGL 



BETASERON 
(interferon beta) 



Triton Biosciences AIDS, ARC, KS 



CARRISTN Carrington Labs ARC 
(polymannoacetate) 

CTTO VENE Syn t ex CMV 
(ganciclovir) 

DDC Hoffmann-La Roche AIDS, ARC 
• (dideoxycytidine) 



^Abbreviations: AIDS (Acquired Inununc Deficiency 
Syndrome); ARC (AIDS related complex); CMV 
(Cytomegalovirus, which causes an opportunistic 
infection resulting in blindness or death in AIDS 
patients); HIV (Human Immunodeficiency Virus » 
previously Known as LAV, HTLV-III or ARV); KS (Kaposi's 
sarcoma); PCP (Pneumonocystis carinii pneumonia, an 
opportunistic infection); PGL (persistent generalized 
lymphadenopathy) . 
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Drug NAmp 
FOSCARNZT 

(trisodium , 
pho s phonof 0 rma t e ) 



Mflmifactiirer 
Astra AB 



Indication 
HIV inf, CM7 
retinitis 



HPA-23 



Rhone-Poulenc Sante HIV infection 



ORNIDTL 

(ef lornithine) 



Merrell Dow 



PCP 



PEPTIDE T 
(octapeptide 
sequence) 



Peninsula Labs 



AIDS 



RETICTILOSE 
(nucleophospho- 
protein) 



Advanced Viral 
Research 



AIDS. ARC 



RETROVIR 
advanced 
(zidovudine; 
A2T) 



Burroughs Wellcome AIDS, 



ARC 

pediatric 
AIDS. 

KS, asympt 
HIV, 

less severe 
HIV, 

neurological 
in- 
volvement . 
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Prus Name 

RIFABUTIN 
(ansaaycin LM ^27) 

> 

.(trimettexate) 
UAOOI 



VIRAZOLE 
(ribavirin) 

WELLTERON 

(alfa interferon) 

ZOVIRAX 
(acyclovir) 



Adxia Labs 

Warner-Laabert 

Ueno Fine Chem 
Industry 

Viratek/ICN 
Burroughs Wellcome 
Burroughs Wellcome 



Indication 

ARC 



PCP 

AIDS, ARC 



AIDS. ARC. KS 

KS, HIV, in comb 
with RETROVIR 

AIDS, ARC, in 
comb with 
RETROVIR 



Dto^ Name 

ABPP 

KS 

(bropiriffline) 

AMPLIGEH 
(mismatched RNA) 

(Anti-human alpha 
interferon 
antibody) 



B. TmmtinQmodTilatQrs 

Mantifaeturer 
Upjohn 



Indication 
Advanced AIDS, 



DuPont ARC . PGL . 

HEM Research 

Advanced Biotherapy AIDS, ARC, KS 
Concepts 



45 



Colony Stimulating 
Factor (GM-CSF) 

CL246.738 
(CL246.738) 

IMREG-1 



IMREG-2 



IMUTHIOL 
(diethyl dithio 
carbamate) 

IL-2 

( interleukin-2 ) 
IL-2 

(interleuXin-2) 
INTRON-A 

(interferon alfa) 

ZSOFRINOSINE 
(inosine pranobex) 

(methionine 
enkephalin) 
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Sandoz Genetics 
Institute 

American Cynamid 

Imreg 

Imreg 

Merieux Institute 



Manufacturer 
Cetus 

Hoffmann-La Roche 
Immunex 

Schering-Plough 
Newport 

Pharmaceuticals 
TNI 

Pharmaceuticals 



AIDS, ARC. HIV, 
ICS 

AIDS 



AIDS, ARC, PGL, 
KS 

AIDS, ARC, PGL, 
KS 

AIDS, ARC 



Indication 

AIDS, KS 



AIDS, KS 



KS 

ARC, PGL, HIV 

seropositive 

patients 

AIDS, ARC 
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MTP-PE 

(muramyl-tripep- 
tide) 

THTMOPENTIN (TP-5) 
(thymic compound) 

ROFERON 

(interferon alfa) 

(recombinant 
erythropoietin) 

TREXAN 
(naltrexone) 

TNF (tumor 

necrosis factor) 



nrti^ Wame 
PENTAM 300 
- (pentamidine 
isethionate) 



Ciba-Geigy 
Ortho 

Pharmaceuticals 
Hoffmann-La Roche 

Ortho 

Pharmaceuticals 

DuPont 

Genentech 

C. Anl-ibiQtics 

namifacturer 
LyphoMed 



KS 



HIV infection 



KS 

severe anemia 
assoc with AIDS 
L RETROVIR 
therapy 
AIDS. ARC 

ARC, in 
combination 
interferon gamma 



Tndigation 
PCP 



D. Vaccines 



Any one of a variety of AIDS or HIV vaccines presently under study and development can be used in 
combination with the compounds of this invention or salt or derivative forms thereof, in the treatment or 
prevention of AIDS and diseases of similar character caused by HIV. 

It will be understood that the scope of combinations of the compounds of this invention with AIDS 
anttviraJs, immunomodulators. arrtibiotics or vaccines is not limited to the list in the above Table, but 
includes in principl any combination with any pharmaceutical composition useful for the treatment of AIDS. 



SYNTHESIS 
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The preparation and synthesis follows, in general. U.S. Patent 4,661.473; Evans. B.E. et al. J. Org. 
Chem. . 50, 4615. (1985) and Evans. B.E. et al.. "A Stereocontrolled Synthesis of Hydroxyethyl "ne"Dip" ptid 
Isosteres," Proc. Am. Pept. Symp.. 9. 743-6(198). and Luly, J.R. et al. J. Org. Chem. 52. 1487 (1987). al! 
herein incorporated by reference. " 



EXAMPLE 1 



Preparation of N'-(1.1-Dinaethylethoxycartxsnyl)-5(S>-amino-4(S)-hydroxy-6-phenyt-2(R)-(phenyinriethyl)- 
hexanoyl-Leucyl-phenylaianyl amide. Compound I 



Step A: Preparation of N-3(S)-[(1.1-Dimethylethoxycarbonyl)aminoh2(RS)-hydroxy-4-phenyt-1-trimethylsilyl 
butane: ' "~ ~~ 

To a stirred suspension of magnesium turnings (9.79 g, 403 mmol) in dry diethyl ether (200 mL) under 
nitrogen was added chloromethyltrimethylsllane (50 mU 358 mmol). The reaction was initiated by gentle 
warming and then was cooled in an ice bath to maintain gentle reflux. After exotherm was complete the 
reaction was stirred at room temperature for 1 hour then cooled to -78' C in a dry Ice/acetone bath. To the 
solution of the Grignard was added dropwise with stirring a solution of N-2(S)-{(1J-dimethylethoxycarbonyl)- 
aminol-3-phenyl propionaidehyde (19.3 g. 77.4 mmol) in dry diethyl ether (250 mL) dropwise such that the 
temperature of the reaction remained below -55* C. The resultant gray suspension was allowed to warm to 
room temperature where it was stirred for 30 minutes then was quenched by pouring into a mixture of ice 
(500 g) and 10% citric acid (500 mL). The organic phase was collected and the aqueous phase was 
extracted with diethyl ether (3 X 300 mL). The combined organics were washed with 10% citric acid (1 X 
300 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give crude I^3(S)-[(l,l-dimethylethoxycarbonyi)amino]-2(RS)-hydroxy-4-phenyl-l-trimethylsilyl butane (26.6 
g. quantitative crude yield) as a yellow oil. An analytical sample was obtained by low pressure chromatog- 
raphy (silica gel, 230-400 mesh; diethyl ether hexanes. 30%:70%) followed by recrystallization from 
heptane, mp = 91-95* C: 



elemental analysis. CaJcd. for CiaHaiNOsSi (337.53); 





C = 


54.05, 


H = 


9^6. 


N = 


415; 


Found: 


C = 


64.05, 


H = 


9.13. 


N = 


4.22;[a]o20 = -40.0* 



Step 8: Preparation of 3(S)-Amino-4^henyl-l-butene. 

To a stirred solution of the product of Step A (22^ g, 67,5 mmoL) in dry methylene chloride (400 mL) 
cooled in an ice bath and under nitrogen was added in a fine stream boron trifluoride etherate (43 mL. 345 
mmol). The solution was allowed to warm to room temperatire wheiB it was stirred for 4 days. Reaction 
was cooled in an ice bath and quenched by the dropwise adcfition of 10% sodium hydroxide (400 mL). The 
organic phase was collected and the aqueous phase was extracted with methylene chloride (2 X 250 mL). 
The combined organics were washed with brine (1 X 200 mL), dried over anhydrous magnesium sulfate, 
filtered, and concentrated to give crude 3(S>-amino-4-phenyl-1-butene (14.2 g) as a yellow oIL 



Step C: Preparation of N-3(S)-[(1,1-Dimethylethoxycarfaonyi)aminoH-phenyH-butene: 

A solution of the product of Step 8 (142 g) and dt-tert-butyl dicarbonate (31.0 g, 142 mmoL) in dry 
methylene chloride (200 mL) was stin^ at room temperature for 18 hours, washed with 10% citric acid (3 
X 100 mL), water (1 X 100 mL). safd. sodium bicarijonate (3 X 125 mL). and brine (1 X 250 mL). dried over 
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anhydrous magnesium sulfate, filtered and concentrated to yield crude N-3(S)-1[(1.l-dimethylethoxycar- 
bonyl)aminol-4-phenylbutene (34.6 g) as a yellow oil. Crude product was purified by low pressur 
chromatography (silica gel, 230-400 mesh, lO X 20 cm column; dlethylether hexan s. 20%: 80%) to yield 
N-3(SH(1.1-<Jimethylethoxylcarbonyl)amlnoH-phenyl-1-butene (16.3 g. 97.6% yield) as a white solid. An 
5 analytical sample was obtained by recrystallization from heptane, mp = 67.5-68.5 ' C; 

» 

elemental analysis. Calcd. for Ci5H2iN02 (247.34): 



c = 


72.84. 


H = 


8.56. 


N = 


c = 


72.78. 


H = 


8.76, 


N = 



Step D: Preparation of 1 (R)-[1 '(SH1 . 1 -Dimethy Iethoxycarbonyl)amin0'2-pheny lethy l]oxlrane: 

To a solution of the product of Step C (9.4 g, 38 mmol) in dry methylene chloride (100 mL) cooled In an 
ice bath and under nitrogen was added 3-chloroperoxyben2oic acid (technical grade, 80-85%; 41 g, 200 
mmol). The mixture was stinred at 0* C for 18 hours and 25* C for 23 hours, then diluted with diethyl ether 
(300 mL), and poured in Ice cold aqeous 10% sodium sulfite (1 L). The organic layer was collected and the 
aqueous layer was extracted with diethyl ether (3 X 100 mL). The combined organlcs were washed with 
10% sodium sulfite (3 X 100 mL). satd. sodium bicarbonate (3 X 100 mL). and brine (1 X 100 mL), dried 
over anhydrous sodium sulfate, filtered and concentrated to give a white solid. Crude product was purified 
by low pressure chromatography (silica gel 230 - 400 mesh. 8 X 15 cm column; ethyl acetate: hexanes, 
25%:75%) to yield 1(RH1 (S)-(1,1-dimethylethoxycart>onyl)amino-2-phenylethyl]oxirane (7.0 g, 70% yield) 
as a clear oil which crystallized upon standing. An analytical sample was obtained by recrystailization from 
heptane, mp = 51.5-52* C; 



elemental analysis. Calcd. for CisH2iN02 (263.34): 



c = 


68.42. 


H = 


8.04, 


N « 


c = 


68.22. 


H = 


8.26. 


N = 



5.32. 

5.29; [alo^^ = 1.34' 



35 

Step E: Preparation of(5S, 1 'S)-3-carboethoxy-5-<l -((1 .1 'Kiimethyiethoxycarbonyl)amino)-2-phenylethyl)- 
dihydrofuran-2*(3H)-one. 

The product from Step D, 9.93 g. was dissolved in 100 mL of absolute ethanol and added to a solution 
40 of 2.6 g of sodium and 20.1 mL of diethyl malonate in 170 mL of absolute ethanol. After stirring ovemite, 
the reaction was acidified to pH 4 with 10% citric acid and extracted with 2 X 500 mL of ether. TTie 
combined orgariic extracts were washed 1 X 500 mL H2O, 1 X 500 mL sat'd NaHCOa, 1 x 500 mL sat'd 
brine and dried over MgSO^. The solvents were removed arKl the crude product purified by low pressure 
chromatography on silica gel eluting with 50% ether/hexanes (or EtOAc/hexanes). The yield of semi-solid 
45 product was 10.6 g. The later fractions contained 2.5 g of the undesired 5 R isomer as a white solid. 

Step F: Preparation of (5S,1 'S-)3-carboethoxy-3-phenylmethyl-5-(1 -<(1 .1 -dimethylethoxycarfaonyl)-amino)-2* 
phenylethyl)dihydrofuran-2-(3H>-one. 

50 

The product of Step E, 10.6 g, was dissolved in 100 mL of abs. ethanol containing 3.7 mL of benzyl 
bromide and added to a solution of 0.71 g of sodium in 100 mL of absolute ethanol. The solution was 
heated to 50* G for 1.5 hours, then cooled in an ice bath and acidifted with 500 ml of 10% citric acid. The 
mixture was extracted 3 X 500 mL of ether and the combined ether extracts washed with 400 mL of HzO, 
55 400 mL of brine, dried (MgSOi) and the solvent removed under reduced pressure to give 13.6 g of a clear 
cotoriess oil which was essentiaity homogeneous by TLC (25% ethyl acetate/hexanes). 
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Step G: Preparation of (3R,SS.l's)-34>en2yl-5Kl-((l.''<^'methylethoxycarfaonyl)amino)-2-phenylethyl>- 
dihydrofuran'2-(3H>one. ' ~ " 

The product of Step F, 13.6 g, was dissolved in 250 mL of 1,2-dimethoxyethane, and to it was added 
117 mL of 1 M lithium hydroxide it room temperature. After stirring for 12 hours, the solvents were 
removed under reduced pressure, the residue suspended in 200 mL of 10% citric add and extracted 3 X 
500 mL of diethyl ether. The combined ether extracts were washed with 500 mL of brine, dried (MgSO*) 
and the concentrated to dryness. The residue was dissolved in 250 mL of toluene, heated to reflux for 12 
hours, then concentrated to dryness under reduced pressure. Purification by medium pressure chromatog- 
raphy over silica gel eluting with 15% ethyl acetate/hexanes gave 3.2 g of the 3R-lactone as a clear foam. 
Further elution with the same solvents gave 6.15 g of the 3S-iactone as a white solid. 

Step H: Preparation of N'-(1,1-dimethy!ethoxycarbonyl)-5(S)-amino-4(SH1 ^1'•dimethylethy^-1,1-dimethyi- 
sily^oxy)^^henyl-2(RHphenylmethy^)-hexanoic acid. 

(3R, 58, 1 'S)-3-Benzyl-5-(1-((1 jKj|methylethoxycarbonyl)aminoh2-phenylethyl)dihydrofuran-2-(3H)^^ 
0^ g. was dissolved in 30 mL of a 2:1 mixture of ethylene glycol dimethyl ether/water, and to it was added 
5 mL of 1 M lithium hydroxide at room temperature. After stining for 1 hour, the solvent was removed in 
vacuo and the residue partitioned between 20 mL chloroform and 20 mL 10% citric acid. The layers wer'e 
separated and the aqueous phase extracted with 3 X 20 mL chloroform. The combined organic layers were 
dried (Na2S04) and the solvent removed to yield 0.46 g of the cnjde hydroxy acid. This residue was 
dissolved in 5 mL of dry DMF and 0.845 g tert-butyl dimethylsilyl chloride and 0.725 g of imidazole were 
added. After stirring for 18 hours, the reaction was poured into 50 mL of water and extracted with 3 X 20 
mL of ethyl acetate. The combined organic extracts were washed with 3 x 20 mL of 10% citric acid, 1 x 20 
mL of water, 3 X 10 mL of saturated aqueous solution of Na2C03, and 20 mL of brine. After drying 
(NazSO*). the solvent was removed and the resulting residue dissolved in a mixture of 5 mL of THF. 5 mL 
of glacial acetic acid, and 2 mL of water. The mixture was stirred for 4 hours, then poured into 50 mL of 
water and extracted with 3 X 20 mL of ether. The combined ether extracts were washed with 2 X 20 mL of 
water, brine, dried (Na2S04). and the solvent removed. Purification by medium pressure chromatography 
over siGca gel, eluting with MeOH/CHCIa gave 0.53 g of the product as a white solid. 

Step I: Preparation of n'-<1 jKlinnethylethoxycarbonyl)-5(S)-amino-4(SHl'.l'<limethytethyl-1.1-dimem 
silyloxy>-6-phenyl-2(RHp^'enylmethyl)-hexanoyleucyl-phenylalanyl amide. 

The product from Step H, 0.183 g, was dissolved in 10 mL of dry DMF, and to it was added 0.124 g of 
leucinyhphenylalanyl amide hydrochloride hemihydrate, 0.051 g of l-hydroxybenzotriazole hydrate and 
0.069 g of dimefhyl-3-{3-dimethylaminopropyl) carbodiimide hydrochloride. Triethylamine was added to the 
stirring solution until the pH was 8.5. After stirring for 2 hours, the reaction was poured into 80 mL of water 
and extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts were washed with 3 X 20 mL 
of 10% citric acid, 1 X 20 mL of water, 3 X 20 mL of a saturated aqueous solution of Na2C03, 30 mL of 
brine, dried (NajSO*). and the sohrent removed to give 0.2 g of the product after purification by preparative 
thin layer chromatograpy (5% methanol/chlorcrform). 



Step J: Preparation of N'-jl ,1 -dimethylethoxycafbonyl)-S(S)-amino-4<S)-hydroxy-6-pheny l-2(R)- 
(phenylmethyOhexanoyl-leucyH>herTylalanyl amide. — — 

The product from Step I, 0.2 g, was placed in a flask and to it was added 2 mL of a 1M solution of 
tetrabutylammonium fluoride in THF. After stining for 2 hours, the solvent was removed in vacuo, and the 
residue was taken up in 50 mL of 10% methanol/chiorofonn and passed through a pad^f silica geL The 
solvent was removed b vacuo, and ttie remaining solid triturated with ethyl acetate. The solid was filtered 
through a silica pad and washed with ethyl acetate. The silica gel pad was th n washed with chloroform 
(200 mL). The chloroform solution of th product was evaporated to yield 0.074 g of pure product The ettiyl 
acetate solution was concentrated, and the residue was chromatographed over silica gel, eluting with 
methanoUchlorofonn to gwe an additional 0.054 g of product The combined yiekl of tfie product was 0 128 
g: mp 218-210*0. 
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EXAMPLE 2 



5 Preparation of N-berizyl-N'»(l j«dimethylethoxycarbonyi)-5(S)-amino-4(S)*hydroxy-6-phenyl-2(R)- 
(phenylmethyOhexanoyi-Leucyl-amide, Compound II 

Step A: Preparation of N-benzyl n'-(1 . 1 -dimethyletho)cycarbonyl)'5(S)'amino-4<S)-(1 ' , 1 '-dimethylethyl-1 , 1 - 
70 dim9thylsiiyioxy)-6'phenyi-2(R)*(phenylmethyl)hexanoyi-leucyl amide. 

n'-(1 ,l-Dimethylethoxycarbonyl)-5(S)-amino-4(SH1 '.I'-dimethy lethyl-l , 1 -dimethyisilyloxy)-6-phenyl-2- 
(R)-(phenylmet)iyl)hexanoic acid from step A in Example 1, 0,183 g. is dissolved in 10 mL of dry DMF. and 
to it is added 0.058 g of N-benzyl leucine amide hydrochloride. 0.051 g of 1 -hydroxybenztriazote hydrate 

75 and 0.069 of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride. Triethylamine is added to the 
stirring solution until the pH is 8.5. After stirring for 2 hours, the reaction is poured into 80 mL of water and 
extracted with 5 X 10 mL of ethyl acetate. The combined organic extracts are washed with 3 X 20 mL of 
10% citiric acid, 1 X 20 mL of water. 3 X 20 mL of a saturated aqueous solution of NaaCOa, 30 mL of brine, 
dried (Na2S0i), and the solvent removed to give the product after purification by preparative thin layer 

20 chromatography (5% methanoi/chbroform). 

Step B: Preparation of N-Benzyl n'-<1 . 1 -Dimethyiethoxycarbonyl)-5(S)-amino-4(S)-hydroxy'6-phenyi-2(R)- 
(phenyimethyOhexanoyT-Leucyi amide. 

25 

The product from Step A, Example 2. 0.1 g. is placed in a flask and to it is added 2 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 2 hours, the solvent is removed in vacuo , 
and tiie residue is taken up in 50 mL of 10% methanol/chloroform and passed through a pad of silica gel. 
The solvent is removed in 'vacuo, and the remaining solid triturated witii ethyl acetate. The solid is filtered 
30 through a silica pad and hashed" with ethyl acetate. The silica gel pad is then washed with chloroform (200 
mL). The chloroform solution is evaporated to yield product. 



EXAMPLE 3 

35 

Preparation of N'*<1.1<limethylethoxycarfaonylh5(S)-amino-4(S)-hydroxy-6-phenyl'2(R)-(4-hydroxyphenyl' 
methyl)hexarK3yHeucyl-phenyialanyi amide 

40 ' 

To a stinred solution of N'-<1,1-dimethylethoxycarbonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(RH4-ben- 
zyloxyphenyimethyl)hexanoyt-leucylphenylalanyl amide. 25 mg, in 10 mL of tetrahydrofuran was added a 
suspension of 10% palladium on carbon. 25 mg, in 10 mL of absolute methanol. The mixture was stirred 
uTKler an atmosphere of hydrogen for 4 hours at room temperature, tiien filtered and concentrated to 
45 dryness. The residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid 
precipitated which was collected and dried under vacuum over P2C)5. The yield was 20 mg of pure product 
mp 222-223 *C(aH.N). 



50 EXAMPLE 4 



Preparation of ri*benzyl*N'-(1 .1 -dimethytethoxycarbonyl)-5(S)-amino-4(S)-hydroxy-6-phenyl-2(R)'(pheny Imethylh 
55 hexanamide. Compound III 



Th lithium salt of benzyl amine was prepar d by adc£ng 0.5 mL of a 2.5 M solution of n-butyl lithium to 
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0.134 g of benzyl amine in 10 mL of dry THF at -78* C. To this was added 0.1 g of (3R. 5S, I'ShS-benzyl- 
5-{1-((1,l<Iimethylethioxycarbonyl)amino)-2-pheny!elhyl)-dihydrofuran-2-<3H (Step G of Example 1) in 5 
mL of THF, After stining for 15 minutes, the reaction was quenched by the addition of 15 mL of 10% citric 
acid, and the mixture was allowed to wami to room temperature. The volume was tripled by the addition of 
ethyl acetate. The organic layer was Separated, and the aqueous phase was washed with ethyl ac tate. The 
combined organic solutions were washed with 3 x 10 mL 10% citric acid, 1 x 20 mL of saturated Na2C03 
solution, brine, and dried (NajSOt). The solvent was removed in vacuo to yield a white solid. The solid was 
recrystallized from hexane/ethyl acetate to yield 0.065 g of the product as a crystalline solid; mp 191- 
192 'C. 



EXAMPLE 5 



Preparation of N -(1 ,1 'dimethylethoxycarbonylH(S)-amino-3(S)-hydroxy-5-cyclohexylpentanoyl-leucyl- 
phenylalanylamide. " ' ~ ~~ 

N-(1 ,1-dimethyethoxycarbonylH(S)-amino-3 (S)-hydroxy-5-cyc!ohexylpentanoic acid (Boc-ACHPA), 
(0.575 g, 1.82 mmol) was dissolved in 5.5 mL of dry DMF, under argon. To this well stirred mixture was 
added L-leucyl-phenylalanine amide hydrochloride semihydrate (0.74 g, 2.18 mmol). hydroxybenztriazole 
hydrate (0.258 g, 1.91 mmol). ethyl 3-(dimethylamino)-propylcarbodiimide hydrochloride (0.374 g, 1.91 
mmol), and triethylamine (0.57 mL. 4.10 mmol). This mixture was stirred at room temperature for 1 hour. 
The reaction mixture was diluted with ethyl acetate (30 mL). This mixture was washed with water (3X15 
mL). 10% aqueous citric acid (15 mL), and brine (15 mL). Drying (NajSO*). filtration, and removal of the 
solvent in vacuo gave the crude coupling product. This material was chromatographed on silica gel using 
6% methanol in chloroform as eluanL There was obtained 0,582 g of the trtie compound as a white 
crystalline solid, mp: 171 -175*0. 



EXAMPLES 



Preparation of N'-[3-{(1(R)-Benzyloxycarfaonylamino-2-phenylethyl)phosphinyl]-2(R)-phenylmethyl 
propanoyll-teucyl-phenylalanylamide, and N -(3-((1(R)-Ben2yloxycartionylamino-2-phenylethyl)phosphinylh2- 
(S)-phenyimethylpropanoyl}^eucyl-phenylaianylamide. ' 



Step A: Preparation of MethyH(R>-ben2yloxycarbonylamino-2-phenylethylphosphinate. 

A 10% solution of trimethylsilyldiazomethane in pentane was added dropwise to a solution of 0.790 g of 
l(R)-ben2y1oxycarbonylamino-2-phenylethyl phosphonous acid in a mixture of benzene (35 mL)/nf>ethanol (5 
mL) until a pale yellow color persisted in the stinred reaction solution. After one hour at 0* the solution was 
concentrated and the residue chromatographed over silica gel. eluting with methylene 
chforide/acetone/methanol (18:1:1). to afford 0.400 g of pure methyl ester. 

Step 8: Preparation of Methyl-1(R)4>enzyloxycart3onylarnirxh2i?henylethyH2(R.S)-carbom^^ 
1 -propy Qphosphinate. 

The prcxluct of Step A, 0.397 g, was cfissolved in 5 mL of absolute methanol and, at 0* was treated 
with 0.67 mL of a 2.0 M sotution of sodium nriethoxide in methanol under a nitrogen atmospher . After 10 
minutes, methyl 2-ben2yl acrylate (0.240 g) was added in one portion, the cooling bath removed, and the 
mixture was stirred at ambient temnperature of 18 hours. The mixture was cone ntrated to an oil which was 
partitioned between 15 mL of 1 N hydrochloric add and 10 mL ethyl of ethyl acetate. The layers were 
separated and the aqueous phase was extracted with 2 X 10 mL acetate. The combined organic layers 
were washed (brin ) and dried (NazSOi) and th solvent removed to give an oil which was chromatog- 
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raphed on silica gel (flash). Elution with ethyl acetate afforded 0.264 g of the product. 

Step C: Preparation of Methy 1-1 (R)-faenzylO)cycarbony lamino-2-pheny lethyl-(2(R,S)-carboxy-3-phenyl- 1 *pro- 
5 pyQph'osphinate. 

A solution of the product of Step B. 0264 g, in 1.5 mL of 1,2-dim thoxyethane was treated with 0.56 
mL of a 1.0 N aqueous lithium hydroxide solution. After stirring under nitrogen for 4 hours at room 
temperature, the solvent was removed and 30 mL Ice water was added to the residue. The resulting mixture 
10 was extracted with 2 X 10 mL ether/ethyl acetate mixtures, following which the aqueous phase was acidified 
to pH 4-5 using several drops of 50% acetic acid. The acidic mixture was extracted with 3 X 15 mL ethyl 
acetate and then the combined acidic organic layers were washed with water, brine, and dried (NasSO*), 
Removal of the solvent in vacuo left the product as an oil: 0.153 g. 

rs 

Step D: Preparation of N-{3-(Methoxy-l(R)-benzyloxycarbonylamino-2'phenylethyl)phosphinyl]-2(aS)- 
phenylmethyT propanoyn-leucylphenyl-alanylamide. 

The product from Step C, 0.153 g. was dissolveid in 4 mL of dry acetonitrile and stirred under nitrogen 
20 in an tCe bath. To the solution were added 0,119 g of Heucyl L-phenyialanylamide hydrochloride 
hemihydrate, 0.155 g of benzotriazol-1-yloxytris {dimethylamino)phosphonium hexafluorophosphate, and 
triethylamine to pH 8.5. After stirring at 0 ' for 2 hours the mixture was wanmed to room tenmperature and 
stirred 3 hours further. 10 mL of dilute aqueous sodium chloride was added and the mixture was extracted 
with 4 X 10 mL of ethyl acetate. The combined organic extracts were washed with water. 2 N hydrochloric 
25 acid, water, saturated aqueous sodium bicartxinate, brine, and dried (MgSOi). Removal of the solvent left 
0.164 g of a sticky solid which was a mixture of 4 major components as evidenced by thin layer 
chromatograpy (chloroform/methanol/ammonium hydroxide. 90:10:1). The mixture was flash chromatog- 
raphed. eluting with the same solvent mixture used for TLC. Early fractions containing an intimate mixture of 
3 components were combined and concentrated to give 66 mg of a diastereomeric mixture of the product. 
30 Continued elution provided an additional 52 mg of product mixture which was predominantly a single TLC 
spot 

Step E: Preparation of N-{3-I(1(R)-Ben2yloxycarbonyl-amino-2'phenylethyi)phosphinytl-2 (S)-phenyl-methyi 
35 propanoyl]-leucylphenialanylaiTiide. Compound A. and N-[3'((1(R)-Benzyloxycarbonylamino-2-phenylethyl>' 
phosphinyl}-2(S)-phenylmethyl propanoyiHeucyl-phenlalanylamide, Compound B. 

A solution containing 0.066 g of the diastrereomeric mixture of Step D and 0.014 g of anhydrous lithium 
iodide in 2 mL dry tetrahydrofuran was stirred at room temperature for 7 days, during which time an 

40 additional 0.030 g of lithium iodide was added. At the end of 1 week the solvent was removed and the 
residue suspended in 5 mL of saturated sodium bicarbonate. The mixture was extracted with 4 x 5 mL ethyl 
acetate arxJ the combined organic layers were concentrated. Separation of the two diastereomers was 
accomplished by preparative high pressure liquid chromatograpy using a Waters Delta Pak C-18 column, 
eluting with a gradient of acetonitrile. 0-95% in water (0.1% trifluoroacetic acid) over one hour. The fractions 

4S of retention tinr>e 4.22 minutes and that of 7.00 minutes were lyophilized separately to afford 0.013 g of 
Compound A and 0.012 g of Compound B. respectively. 

EXAMPLE ? 

50 

Preparation of N'KBenzyloxycartx3nyl)-5(S)-amino-4{S)-hydroxy'6i3heny^2(RHphenylmethylH! 
leucyl-phenylalanyl arnideT 

55 

Step Preparation of 5(S)-amino-4(SHt'butyidimethylsilyk?xy>-6*phenyl-2(R)-(phenyl) methyl>-hexanoyl- 
LeucyhPhenyalanylAmide. 
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To a cow (O' C) solution of 350 mgs. (0.468 mmol) of N'-(i.i-dimethylethoxycarbonyl}-5(S)-amino-4{S>- 
(t-butyl-dimethylsilyloxy>-6-phenyl-2(R) (phenylmethyl)-hexanoyl-leucyl-Phenylalanyl Amide in 10 mLs of 
methylene chloride was added 5 mLs of trifluoroacetic acid After 1 hour., the reaction was pour d Into a 
separatcry funnel containing sat'd. NaHCOs solution and washed with methylene chloride (2 X 30 mLs). The 
organics were dried, filtered and confcentrated to giv an oily residue which was flashed chromatographed 
(SiOt. 5% MeOH/NHs sat'd. chloroform) to give 240 mgs. of product along with 75 mgs of S(S)-amino-4<S)- 
hydroxy-6-phenyl-2(R)-(phenyimethyf)-hexanoy(-Leucyl-Phenylalanyl Amide. 



Step B: Preparation of 5(SHBenzyloxycarbonyi)-aminO'4(S)-hydroxy-6'phenyl-2(R)-(phenylmethyl)- 
hexanoyl-Leucyl'Phenyalanyl Amide. ~ 

To a solution of 25 mgs. (0.038 mmol) of 5(S)-amino-4<S)-{t-Butyl-dimethylsilyioxy)-6-phenyl-2(R)- 
(phenylmethyl)-hexanoy(-Leucyl-Phenylalanyl Amide in 10 mLs of methylene chloride which contained 10 ul 
(0.072 mmol of triethylamine was added 10 ul (0.070 mmol) of benzyl chloroform ate. After 3 hours the 
reaction was complete and was poured into a separatory funnel and washed with 2X10 mLs of 10% citric 
acid solution, 10 mLs of said NaHCOs soltuion, and the organics were dried filtered and concentrated to 
dr/ness. The residue was diluted with 2 mLs of THF and 1 mL of a 1 M solution of tetrabutylammortium 
fluoride (TBAF) was added. After 1 hour an additional 0.5 mL of TBAF was added. After 2 hours the reaction 
was concentrated and passed through a pad of SiOa which was eluted with 5% MeOH/CHCh to give the 
crude product. This was further purified using reverse phase HPLC on a Waters C-18 column to give 12 
mgs. of the desired product mp = 207-210* C. 



EXAMPLE 8 



Assay for Inhibition of Synthetic Viral Protease 

Inhibition studies of the reaction of the synthetic protease [amino acid residues 69-167 of the pol open 
reading frame in Ratner, L et ai. Nature . 313, 277 (1985) and synthesized by Menifleld soild^phase 
synthesis] with a peptide substrate [Val-Ser-Gln-AsrvTyr-Pro-lle-Val. 2 mg/mL when the reaction is initiated) 
were in 50 mM Na acetate, pH 5.5. at 30'C for 1 hour. Various concenti^ations of inhibitor in 1.0 ul DMSO 
were added to 36 al of assay solution and the reaction Initiated by the addition of 4 ul (1 .6 ug) of syntiietic 
protease. The reaction was quenched with 160 u( of 12% acetic acid. Products of the reaction were 
separated by HPLC (VYDAC wide pore 5 cm C-18 reverse phase, acetonitrile gradient. 0.1% trifluoroacetic 
acid). The extent of inhibition of the reaction was detenmined from the peak heights of the products. HPLC 
of the products, independentiy synthesized, provided quantitation standards and confirmation of the product 
composition. Compounds I. III. and IV showed an !Cso of about 2 nM. about 50 nM and about 27 nM, 
respectively. 



EXAMPLES 



Assay for Inhibftion of Microbial Expressed Virai Protease 



Inhibftion studies of the reaction of the protease expressed in Escherida coil with a peptide substrate 
[Va»-Ser-<3ln-Asn-(betanapthyOAIa-Pro-lle-Val, 0^ mgMiL at the time the reaction is initiated] were in 50 mM 
Na acetate. pH 5.5, at 30* for 1 hour. Various concentrati ns of inhibitor in 1.0 ul DMSO were added to 25 
ul of the peptide solution in water. The reaction is initial d by the addition of 15 ul of 0.33 nM protease 
(0.11 ng) In a solution of 0.133 M ^4a acetate pH 5.5 and 0.267% bovine serum albumin. The reacti n was 
quenched wfth 160 ul of 5% phosphoric add. Products f the reaction were separated by HPLC (VYDAC 
wide pore 5 cm C-18 reverse phase, acetonitrile gradi nt 0.1% phosphorip add). The extent of inhibition of 
the reaction was determined from th peak heights of the products. HPLC of the products. Independently 
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synthesized, proved quantitation standards and confirmation of tfie product composition. Compounds 1. II 
and III showed iCso values of about 0.6 nM. about 1.4 nM and about 120 nM, respectively. 



EXAMPLE 10 



Preparation of N-((1 R,2S,3S)-1 ,2-Dihydroxy-3-indanyl)-N'-(1 .1-dimethylethoxycarbonyl)'5(S)-amino-4<S)- 
ro hydroxy-6-phenyl-2(RHP^'Q"y*n^Qthyl)hexanamide 



Step A: (1RS,2RS.3RS)3-Amino-1-bromo-2*hydroxyindan cyclic carbamate 

75 A mixture of 2.5 g (14.3 mmol) of the known 1-amino-2-hydroxyindan cyclic carbamate, 2.9 g (16.3 
mmol) of N-bromosuccinimide, and 100 mL of CCU was heated at reflux for 3 hours. After cooling, the 
mixture was diluted with 100 mL of CHCI3 and washed with 10% Na2S03. The aqueous layer was extracted 
with CHCI3, and the combined organic layers were washed with 10% NasSOa. dried over NaaSO*, and the 
solvents removed at reduced pressure to give an oif which was chromatographed on 250 g of fine Si02 

20 using 1:1 EtOAc-hexanes to afford 950 mg (26%) of the Step A product as a colorless solid. 



Step B: (1 RS.2SR.3SR)1 -Acetoxy-3*amino-2-hydroxyindan cyclic carbamate 

25 A solution of 950 mg (3.7 mmol) of 1-Bromo-2-hydroxy-3-aminoindan cyclic carbamate (Step A product) 
and 1.9 g (6.3 mmol) of letra-n-butylammonium acetate in 50 mL of DMF was heated at 80* C under Nj for 
6 hours. The solvents were removed at reduced pressure and the residue was partitioned between CHCia 
and water. The aqueous layer was extracted twice with CHCia and the combined organic layers were 
washed with water, dried over Na2S04. and the solvents removed to give an oil which was chromatographed 

30 on 125 g fine Si02 using EtOAc-hexanes to afford 372 mg (43%) of Step B product as a colorless solid: mp 
131-133* C. 



* Anal; Calc'd for: C12H1 1 NO* 




C, 


61.80; 


H, 


4.75; 


N, 


6.01. 


Found: 


C, 


62.12; 


H. 


4.73; 


N. 


5.96. 



Step C: (1RS.2SR,3SR)3'Amino-1,2>dihydroxyindan 

To a stirred solution of 180 mg (0.77 mmol) of 1-acetoxy-2-hydroxy-3-aminoindan cyclic carbamate 
(Step B product) in 12 mL of EtOH was added a solution of 705 mg (17.6 mmol) of NaOH in 5 mL of H2O. 
This mixture was heated at reflux for 3 hours, the soWents removed at reduced pressure, and the residue 
partitioned between brine and CHCI3, and the combined organic layers were dried over Na2S04. The 
solvents were removed to give 60 mg (47%) of Step C product as a solid. 



Step D: (1 R^S,3S)-N-1 ^-dihydroxy*3-tndanyl)*L-phenylaianine amide 

To a stirred solution of 422 mg (2.55 mnr>ol) of 1 ^-dthydroxy-3-amtnoindan (Step C product). 746 mg 
(2.81 mmoO of Boc-L-Phenylalanine. 539 mg (2.81 mmol) of EOC. and 380 mg (2.81 mnnol) of 1- 
hydroxybenzotriazole hydrate in 10 mL of DMF under N2 was added 783 UL (5.62 mmol) of EtaN. After 
stirring overnight at room temperature, th solvents were removed at reduced pressure, and the residue 
was partitioned between CHCb and 1 .0 M citric acid. The aqueous layer was extracted with CHCI3 and the 
combined organic layers were washed with two portions of NaeCOs and dried over Na2S0i. Ih solvents 
were removed at reduced pressur and the residue was dissolved in 14 mL of CHaCb and treated with 7 
mL of TFA under N2 for 0.5 hours. The solvents were removed at reduced pressure, and the residue was 
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partitioned between 2% HCI and eth r. Th aqueous layer was basified with 40% NaOH, extracted with 
three portions of CHag. dried over NaaSO* arxJ chromatographed on 23 g fine SiOz using 223 mg (56%) of 
Step D product as a colorless solid. 



Step E: (1R.2S,3S)-3-Amino*1.2*dihydroxyindan 

To a solution of 215 mg (0.69 mmol) of N-(1 ,2-dihydroxy-3-indanyl) L-phenylalanine amide (Step 0 
product) in 10 mL of EtOH was added a solution of 84 nng (2.1 mmol)of NaOH in 4 mL of H2O. The mixture 
was heated at reflux for 6 hours, the solvents removed at reduced pressure, and the residue triturated with 
8 mL of CHCI3. The triturate was applied to a column of 4 g of fine Si02 using 88:12:1.2 CHCI3-CH3OH- 
NhUOH at the eluent to give 104 mg (91%) of Step £ product as a coloriess solid. 



Step R N-((1 R,2S.3S)'1 ^-Dihydroxy3-indanyl)-5(S)-(1 .1-dimethylethoxycarbonyiamino)^4(S)-hydroxy■6- 
phenyl-2(R)'(pheny^methyl)-hexanamide ~" 

To a stirred solution of 58 mg (0.11 mmol) of 5-(1,1-dimethylethoxycartx)nylamino)-4-t-butyl- 
dimethylsilyloxy-2-{phenylmethyl)-6-phenyl hexanoic acid of Example 1. 21 mg (0.13 mmol) of (-)1> 
dihydroxy-3-aminoindan from Step E. 24 mg (0.13 mmol) of EDC, and 17 mg (0.13 mmol) of HOBT in 2 mL 
of DtAf under N2 was added 36 mL (025 mmol) of EtaN. After stirring for 17 hours at room temperature, 
the solution was poured into cold 1.0 M citric acid and extracted with two portions of EtOAc. The two 
portions of 10% Na2C03. brine, dried over Na2S04. and the solvents removed to give a residue which was 
dissolved in 2.0 mL of a 1.0 M solution of tetra-n-butylammonium fluoride in THF. After stirring for 18 hours 
at room temperature, the solvents were removed at reduced pressure, and the residue was partitioned 
between CHCI3 and H2O. The aqueous layer was extracted with 1:9 CH3OH-CHCI3 and the combined 
organic layers were washed with H2O, dried over Na2S04. and the solvents removed to give a solid which 
was triturated with 1:4 EtaO-hexanes to afford 32 mg (52%) of the title compound as a colorless solid: mp 
190-192* C (dec) 



Anal. Calc'd for CaaH+oNiOe 





c, 


70.69; 


H. 


7.19; 


N. 


5.00 


Found: 


C. 


70.50; 


H. 


7.18; 


N. 


4.76 



EXAMPLE 11 



Preparation of N-(2(R)-hydrDxy-1 (S)-indanyl)-N'S-(1 ,1-dlmethylethoxycarbonyl>-5(S>-amino)-4(S)-hydroxy-6- 
phenyl-2(RH4-4iydroxyphenylmethyl) hexanamide ~ ~ 



S^gP A: Preparation of (5S.1 's>-3-caffaoethoxy-3-(44)enzyloxyphenylmethyl)-5-[1 -(1 ,1 -dimethylethoxycar- 
bonyl)amino)-2-phenylethyi]dihydrofuran-2-(3H)^one " 

To a stinred solution of (5S.l'Sh3-cart)oethoxy-5<1-((l'.l'-dimethylethoxycarbonyl)amino)-7- 
phenytethylHaiydrofuran-2-(3HH>ne (product of Example 1, Step E). 2 g (5.3 mmol) in 25 mL of absolute 
ethanol was added a solution of 0.13 g of sodium in 2^ mL of absolute etfi»iol followed by 1.30 g (5.5 
mmol) of 4-ben2yloxyben2yl chloride. The solution was heated to 50*C under nitrogen for 1 hour, then 
cooled in an ice bath and acidified with 20 mL of 10% citric add and diluted with 200 mL of water. The 
mixture was extracted with 3 X 100 mL of ether and th combined ether xtr^ washed with 50 mL of 
water, 200 mL of saTd NaHCCb and dried ov r MgSO*. Renrwval of solv nts under reduced pressure and 
purification by low pressure chromatograpy on silica g I, eluting with 40% ether in hexanes gave 1.56 g 
(51% yield) of a dear colorless gloss essentiaJly homogeneous by TLC (50% ether/hexanes). 
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Step B thru St p C: Preparation of N'-<1,1-dim thyiethoxy-carbonyl>-5(S)-amino-4(S)-(1 A -dimethyl ihyl 
TT^IimethylsiiyioicyPs-phenyi-aCR)-^^ ac'C^ 

Employing the procedure substantially as described in Example 1, Steps G and H. but substituting for 
5 the (5S.1 S)-3-carboethoxy-3-phenyl-methyl-5-(l-(1 .1 -dlmethylethoxycarbonyl)amino)-2-phenylethylh 

dihydrofuran-2-(3H>-one the proddct of Step A, 1.56 g. there was produced in sequence the following: 



(Step B) 

10 

(3R.5S.1 'S)-3-(4-benzyloxyphenylmethylh5-(1 -<(1 J <limethylethoxycarbony!)amino)-2-pheny 
dihydrofuran-2-(3H)-one, 0.52 g (38% yield) of 3R-lactone as a colorless foam. Further elution gave 0.61 g 
of a mixture of 38 and 3R lactones. 

;5 

(Step C) 

n'-(1 .1 -dimethylethoxycarbonyI)-5(S)-amino-4(S)-(1 ',1 '-dimethylethyl-1 ,1 -dimethylsilyloxy)-6-phenyl-2- 
(RH4-benzyloxyphenylmethyl) hexanoic acid, 0.60 g (94% yield) as a colorless foam essentially homo- 
20 geneous by TLC (3% methanol/chloroform). 



Step D: Preparation of N-(2(R)-hydroxy 1 (S)-indanyl)-5(S)-(1 .1 -dimethylethoxycarbony lamino)-4(S)-hydroxy- 
6-phenyl-2(R)-{4-benzyloxyphenylmethyl) hexanamide 

25 

The product from Step C. 0.12 g. was dissolved in 2 ml dry DMF and to it was added 40 mg of i(S): 
amino-2(R)-hydroxyindane, 25 mg of 1 -hydroxybenzotriazole hydrate and 70 mg of dimethyl-3-(3-di methyl 
aminopropyl)carbodiimide hydrochloride. Triethylamine was added to the stin-ed solution until the pH was 
8.5 (32 mL). After stirring for concentrated to dryness under reduced pressure, the residue was dissolved in 

30 100 mL of chloroform and worked with 1 X 50 mL of 10% citdc acid, 1 X 50 mL H2O, 1 X 50 mL sat'd 
NaHCOa, dried over MgSO* and concentrated to dryness. The residue was dissolved in 1 mL of 
tetrahydrofuran and added to 2 mL of 1 M tetrabutylammonium fluoride in THF. After stirring overnight at 
room temperature the reaction mixture was diluted with 10 mL of 10% citric acid and the white precipitate 
collected by filtration. The product was purified by low pressure chromatograpy on silica gel eiuting with 2% 

35 methanol/CHjCb to give 85 mg of product which was essentially homogeneous by TLC (3% 
methanol/CHsCb). 



Step E: Preparation of l^2(R)-hydroxy-1 (S)-indanyl)-5(S)*(1 .1 -dimethylethoxycarbonylamino)-4(SHiydroxy- 
40 6-phenyl-2(R)-(4-hydroxyphenylmethyl-hexanamide 

The product of Step D. 85 mg was dissolved In 10 mL of methanol and 10 mL of THF, and to it was 
added 0.10 g of 10% palladium on carbon. The mixture was stirred under an atmosphere of hydrogen for 
48 hours at room temperature, then filtered and concentrated to dryness. The residue was dissolved in 10 
45 mL of hot ethanol and 20 mL water was added. On cooling the white solid precipitate was collected and 
dried under vacuum over P2OS. The yield was 72 mg (98% yield) of pure product mp 218-219* C 
(effervesces* sirrters at 215) 



50 



elemental analysis. Caic'd for C33H4oN20c: 
(560.696): 



Found: 



c. 


70^: 


H. 


7.19: 


N, 


c. 


70.62; 


H, 


7.39; 


N. 



5.00; 
4.79. 
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Step F: Resolution of 1 -Amino-2-hydroxyindan 
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From the known racemic 1-afnino-2-hydroxyindan. the resolution was carried out as described for the 3- 
amino- 1^-dihydroxyirKlan above. The (1S.2R)-l-amino-2-hydroxyindan resulting from saponification of the 
higher Rf diastereomer was shown to have an ao of -58' (c = i.O. CHCb). The <lR.2S>-l-amino-2- 
hydroxyindan resulting from saponification of the lower Rf diastereomer was found to have an ao of + 62* 
5 (c = 1.0. CHCb). * 



EXAMPLE 12 



10 



Preparation of N-(2(R>-hydroxy-1 (SHndany l)-5(S)-[(1 . 1 -dimethylethoxycarbony l)aminoH(S)'hydroxy'6-(4- 
hydroxyphenyl)-2(R)-phenylmethyihexanamide 

15 

Step A: Preparation of N-methoxyN-methyl-N'-2(SH(1J'dimethylethoxycarbonyl)aminol-3-(4-benzylox- 
yphenyOpropionamide — — 

To a stin-ed solution of N.Odimethylhydroxy^arnine hydrochloride (15.8 g, 162 mol) in 120 mL dry 

20 methylene chloride cooled to O'C in an ice/water bath and under nitrogen was added N-methy (pi peri dine 
(19.7 mU 162 mmol) such that the temperature of the reaction remained below 2* C. The clear solution was 
stored at 0*C until needed. 

To a stin-ed solution of N-Boc-O-benzyl-L-tyrosine (50.0 g. 135 mnrwl) in 800 mL dry methylene chloride 
arxj 200 mL dry tetrahydrofuran cooled to -20* C in a dry ice/isopropanol/water bath and under nitrogen was 

25 added rapidly N-methy Ipiperidine (19.7 mL. 162 mmol). The solution was allowed to warm to -12*C and 
isobutyl chloroformate (21.1 mL. 162 mmol) was added rapidly such that the temperature of the reaction 
remained between -12* C and -8*0. After addition was complete the reaction was stirred at 0*C for 30 
minutes then the previously prepared solution of N.O-dimethyihydroxylamine hydrochloride and N-methyh 
piperidine in methylene chloride was added in one portion. The reaction was allowed to warm to 25*0 

30 where it was stin-ed for 15 hours. After cooling to 0* C in an ice/water bath the reaction was washed with 
10% citric add (2 X 200 mL) and brine (1 X 200 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated to give 60.2 g tan solid. Crude product was dissolved in ethyl acetate and filtered through a 
pad of siBca gel (230-400 mesh, 400 g in a 2 I sintered glass funnel). The pad was rinsed with 3 I ethyl 
acetate and the filtrate was concentrated to give Step A product l^ethoxy-N-methyl-N'-2(S)-((1.1- 

35 dimethylethoxycafbonyl)amino}-3-(4-ben2yloxyphenyl)propionamide (51.8 g, 92.8% yield), as a white fluffy 
solid, mp = 107-108* C; 



elemental analysis. Calcd for C23H3ar4205 (414.50): 



Found: 



c. 


66.65: 


H. 


7.30: 


N. 


c. 


66.68; 


H. 


7.13: 


N, 



6.76; 

6.64; [alo^s = 5.8* (c = 1.7. methanol). 



Step B: Preparation of N-2(SH(l.1-<Jimethytethoxycart>onyl)amtno}-3-<4-benzyloxyphenyl)propionaldehyde 

To a suspension of lithium aluminum hydride (2.22 g, 58.0 mmol) in 200 mL dry diethyl ether cooled to 
-40 C in a dry Ice/isopropanol bath and under nitrogen was added dropwise a solution of Step A product. 
N-metiioxy-N-methyl-N'-2(SH(1 ,i Kfimethyletho)cycarbonyl)amlno}-3-{4-ben2y loxypheny Opro pionamide 
(20^ g. 49-5 mmol), such that the temperature of the reaction remained between -36* C and -38* C. After 
addition was complete the reaction was wanned to 7*0, then cooled to -35*C and quenched by the 
addition of 40 mL 2.75 M potassium Wsulfate. After wanning to 25* C and stining for 1 hour the mixture was 
fOtered through a pad of Cefite* witii diethyl ther rinse. Jh filtrate was washed with 10% citric add (3 X 
100 mL), water {1 X 100 mL). dihxted NaHCOj (2 X 100 mL). and brine (1 X 100 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give Step B product.N-2(S)-I(1,1-dimethylethoxycarbonyl)- 
aminoh3-(4-benzyloxyphenyl)pr pionaid hyde (17.76 g, quantitative yield), as a white solid, mp = 98- 
99 C. [ag= = 27.4* (c = 1.6, mettianol). 
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Step C Thru Step J: Preparation of N'-(l,1-dimethylethoxycarbonyi)-5(S)'amino-4(SH'* ^ -dimethyiethyl- 
TTTdim thylsilyioxy)^(4'beri2ytoxyphenvl)-2(RHP^Q"y'"rie acid 

Employing the procedure substantially as d scribed in ExampI 1, Steps A thr ugh J but substituting 
for the N-2(SH(1.1-dimethylethoxycarbonyl)annino]-3-phenyl propionaldehyde th product of Step B, 13.4 g. 
there was produced in sequence^the following: 



(Step e Thru Step E) 



N-3(SH(1.1-Dimethylethoxycarbonyl>aminoH-H-ben2yloxypenyl)-1-butene (9.9 g. 74% yield) mp 87- 



8 C. 



elemental analysis, Calcd. for C22H27N03 (353467): 



Found: 



c. 


74.76; 


H. 


7.70: 


N. 


c. 


74.85 


H, 


7.69; 


N. 



3.96. 

3.93. [a]o^ = t6.23' (c = 1. methanol). 



(Step F) 



1(RH1 (S)-{1 ,1 -dimethylethoxycarbonylamino-2-(4-ben2yloxyphenyl)ethyl]oxirane as an oil (77% yield) 
homogeneous by thin layer chromatography (silica gel, 25% ethyl acetate/hexanes). 



(Step G) 

(58,1 'S)-3-carboethoxy-5-(1 -((1 ',1 '-dimethylethoxycart)onyI)amino)-2-(4-ben2yloxyphenyl)-ethyl)- 
dihydrofuran-2-(3H)-one (79% yield) as a white solid, mp 117-119' C 



analysis, Caic'd for C27H33NO7 (483.567): 




C, 


67.06; 


H, 


6.88; 


N, 


2.90. 


Found: 


C, 


66.94; 


H. 


6.96; 


N, 


2.91.[a]o25 = -11^7*,(c = 1.81, methanol). 



(Step H) 

(58,1 'S>-3-carboethoxy-3-phenylmethyl-5-[1 -((1 ,1 -dimethylethoxycartxiny l)amtno)-2-(4- 
ben2yloxymethyl)ethyl]dihydrofuran-(3H)-one. (97% yield) as a clear glass which was essentially homo- 
geneous by TLC (50% diethylether/hexanes). 



Step I 

(3R.5S,l'S)-3-benzyl-5-{1-((1.1-dimethylethoxycarbonyi)amino)-2-<4-benzyloxyphenyl)ethyl]- 
dihydrofuran-2-(3H)-one. (38% yield) as a clear glass which was homogeneous by TLC (50% diethyl 
ether/hexane). The latter fractions of the chromatograpy gave 40% of a mixture of the 38 and 3R lactones. 



(Step J) 

n'-<1 ,1-dimethylethoxycarbonyO-5(S)-amino-4(S)-(l',l '-dimethyt thyH ,1 -dimethylsilyloxy)-6-{4- 
benzy*oxyphenyl>-2(RHphenylmethyl)-hexanoic acid, 94% yi Id. as a colorless foam. 
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Step K Thai Step L Preparation of N*(2(R)-hydroxy-1(SVindanyiV5(SH(1>^-<^'"r)ethyiethoxycarbonyl)aminoh 
4lS>-hydroxy-6-(4-hydroxyphenyl)-2(RHphenylmethyO hexanamide 

EfT.pioying the procedure substantially as described in Examples I. Steps D through E, but substituting 
5 for the N •(1,1-dirnethylethoxycarbofiyl)-5(S)-afTiino-4(SH1 .1 -<limethyiethyl-1.1^ 

2(RH4-ben2yloxyphenylmethyl)hexanoic acid the product of Step J, 0.350 g, there was produced in 
sequence, the following: 

ic (Step K) 

N-(2(R)-hydroxy-1(SHndanyl)-5(SHl.lKilnriethylethoxycarbonyl)amino}-4(S)-hydroxy-6-(4- 
ben2yloxyphenyl)-2(RHphenylmethyl) hexanamide. 343 mg (96% yield), as a white solid which was 
essentially homogeneous by TLC (3% methanol/CHaCb). 

;5 

(Step L) 

N-(2(R}-hydroxy-1(SHndanyl)-5(S)-(1,1-dimethylethoxycarbonylamino)-4(S>-hydroxy-6-(4- 
20 hydroxyphenyl)-2(RHphenyimethyl) hexanamide. 280 mg (92% yield) of pure product: mp 210-211*0 
(effervescent) 



25 



elemental analysis, Calc'd for C33H4oN20e (560.696): 



Found: 



c. 


70.69: 


H. 


7.19; 


N. 


c. 


70.62: 


H. 


7.39: 


N. 



5.00. 
4.79. 
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EXAMPLE 13 



55 



-to 



Preparation of N-<2(R)-hydroxy-1(SHndanyl)-5(S)^t.1-dimethylethoxycarbonylamino)>4(S)'hydroxy-6-(4' 
hydroxyphenyl)-2(RK4'hydroxyphenylmethyl)hexanamide 

Employing the procedure substantially as described in Example 12, Steps H through U but substituting 
for the (5S,1sV3-carboethoxy-5[1-((1 J '-dimethylethoxycarbonyl)amino)-2-phenylethyldihydrofuran-2-{3H)- 
one the product of Example 12. Step G. 1.80 g. there was obtained in sequence the following (Step A 
through E). 



45 



(Step A) 

(5S,1 S )-3-carboethoxy-3-(4-ben2yloxy pheny Imethy l)-5-I1 -((1.1 -dimethy lethoxycarbony l>-amino>-2-{4- 
ben2yloxyphenyl)ethyl>dihydrofuran-2-(3H)-one, 1.17 g (67% yield) as a clear resin essentially homo- 
geneous by TLC (50% ether/hexanes). 



so 



55 



(Step B) 

(3a5S.1 's>-3-<4-benzyloxyphenylmethyl)-5-{1 -((1 .1 Klimethylethoxyca^bonyl)amino)-2-(4- 
ben2yloxypheny^)ethyl^dihydrofuran-2-(3H>-one. 0.65 g (65% yield) as a clear resin which was essentially 
homogeneous by TLC (25% ethyl acetate/hexanes). Th latter fractions of th chrwnatography gave a 30% 
yield f the 35 lactone. 



(Step C) 
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n'-(1 J<iimethylethoxycarbonyl)-5(S)-amino-4(SHl'*l'^imethylethyl-l.V^ 
benzyloxyphenyl)-2(R)-(4-ben2yloxyphenylmethyl)-hexanoic acid. 0.80 g (quantitative yield) as a colorless 
foam, essentially homogeneous by TLC (5% methanol/CHCb). 



(Step D) * 

N-(2(fl)-hydroxy-1 (SHndanyl-5(SHl .1 -dimethylethoxycarbonyl)amino^4(SH^yd^oxy-6-(4- 
benzyloxyphenyl)-2(RH4-benzyloxyphenylmethyl) hexanamide, 256 mg (95Vo yield) as a white solid, 
essentially homogeneous by TLC (2% methanoI/CHzCIa). 



(Step E) 

N-(2(R>-hydroxy-1 (S)-indanyl)-5(S)-(l . 1 -dimethylethoxycaitionylamino)-4(S)-hydroxy-6-(4- 
hydroxyphenyl)-2(R)-(4-hydroxyphenylmethyl) hexanamide hydrate. 196 mg (quantitative yield) as a white 
solid: mp 203-4* C (effervescents sinters at 185* C), 



elemental analysis. caic*d for CaaHAoNzOj'O.yS HaO 
(590207): 



Found: 



c. 


67,15; 


H. 


6.91; 


N. 


c. 


66.96: 


H. 


6.68: 


N. 



474. 
4.64. 



EXAMPLE 14 



Preparation of n'-{1 . 1 -dimethy lethoxycarbony l)-5(S)'amino-3(S).4(R><llhy droxy-2(R)-<phenyimethy l)-6- 
phonyl-hexanoylleucyl-phenyialanyl amide 



Step A: Preparation of 4<S)-{(1 . 1 -dimethy lethoxycarbonyl)amino]'3(S)-hydroxy-5-pheny I- 1 -pentene 

To a stinred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry 
tetrahydrofuran cooled to 0*C was added dropwise 120 mL of a commercial 1 M solution of vinylmag- 
nesium bromide in tetrahydrofuran. The mixture was cooled to -30* C and a solution of 10.0 g. 40.1 mmol) 
of N-2(S>i1.1-dimethylethoxycarbonyl)amino]-3-phenyl propionaldehyde in 200 mL of dry tetrahydrofuran 
was added slowly over 15 minutes, keeping the intemal temperature at -30 ± 5*C. The reaction was 
allowed to warm to room temperature and stir for 90 minutes, then quenched by addition at 500 mL of 10% 
aqueous citric acid and extracted into 1 L of diethyl ether. The ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated to give a white solid. Crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh, 8 X 18 cm column; ethyl acetate:hexanes; 15%:85%) to 
yield Step A product 4(S)-{{1.1-dimethylethoxycartonyl)aminoh3{S)-hydroxy-5-phenyl-1 -pentene (6.7 g, 
60% yield), as a white crystalline solid. Further elution gave 1 .0 g of the 4{S)-hydroxy Isomer. 



Step B: Preparation of 4(SH(1*1-dimethyiethoxycart)onyl)aminoh3(SV-<ben2yloxyrnethyl)oxy5-phenyl-1 -pen- 
tene 

The product from Step A. 1 .62 g (5.8 mmol) was dissolved In 50 mL of methylene chloride and to it was 
added 5.1 mL of N.r^iisopropylethyiamine and 5.1 mL of technical grade benzylchloromethyl ether. After 
stirring for 10 days at room temperature, the mixture was diluted with 150 mL of methylene chlorid arxl 
washed with 100 mL of 10% citric add. dried over MgS04 and concentrated to an oil. Crude product was 
purified by low pressure chromatography (sifica gel 230-400 m sh, 8 X 18 cm column; diethyl 
ether:hexanes; 15%:85%) to yield of Step B product 4<SH(1.1-<l*'Tiethyl thoxycartx)nyl)amino]-3(S)- 
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(benr/loxymethyl)-oxy-5-phenyl-1-pentene (2.0 g. 87%), as a white crystalGne solid, mp 56-8' C; 



elemental analysis. Calc'd for CazHaiNO* (397.518): 





C. 


72.52; 


H, ' 


7£6: 


N, 


Found: 


C, 


72.36; 


H. 


7.87: 





3.52. 

3.41. [ajo^s = i 16.25 (C = 1.7. methanol). 



Step C: Preparation of 3(SH(1«1'dimethylethoxycarbonyi)amino}-2(S)'(ben2ytoxymethyl)oxy-4-phenyl- 
propionaldehyde 

The product from Step B. 0.60 g. was dissolved in 12 mL of methylene chloride and 6 mL of methanol 
containing 0.125 g of sodium bicarbonate as a suspension. The mixture was cooled to -78* C and a stream 
of ozone was bubbled in until the blue color persisted (ca 15 min). The mixture was purged with nitrogen 
and 1 mL of dimethyl sulfide was added. After warming to room temperature 100 mg of zinc dust and 0.18 
mL of glacial acetic acid were added. After 1 hour stirring, the mixture was filtered, diluted with 50 mL of 
methylene chloride, washed with 1 X 20 mL safd NaHCOa, dried over MgSO* and concentrated to yield 
crude Step C product. 3(S>-[(1,l-dimethylethoxycarbonyl)amino]2(SHbenzyloxymethyl)oxy-4-phenyl pro- 
pionaldehyde (0.60 g). as a clear resin. The crude product was homogeneous by thin-layer chromatography 
(silica gel; diethyl ether: hexanes; 25%;75%). 



Step D: Preparation of ethyl (2R.3R.4R.5S), (2S.3R,4R,5S),(2S.3S,4R,5S) and (2R.3S.4R.5S)-5-[(1.1- 
dimethyl-ethoxycarfaonyl)aminol-3'hydroxy-4-(benzyloxymethyl)-oxy-6*phenyl»2*(phenylmethyl) hexanoate 

To a stin-ed solution of 0.60 mL of diisopropyiamine in 5 mL of dry tetrahydrofuran cooled to -78* C was 
added 2.0 mL of 1 .6 M n-butylllthum in hexanes. After 5 minutes, a solution of ethyl dihydrocinnamate (0.48 
g, 2.7 mmole) in 2 mL tetrahydrofuran was added dropwise over 5 minutes. After an additional 5 minutes at 
-78* C, a solution of the crude product of Step C. 0.60 g (1.5 mmol). in 5 mL of dry tetrahydrofuran was 
added. The reaction mixture was allowed to warm to -40 *C for 15 minutes, then quenched with 20 mL of 
10% citric add and extracted into 3 X 50 mL of diethyl ether. The combined organic extracts were washed 
1 X 50 mL of H2O. 1 X 50 mL safd NaHCOa, dried over MgSO* and concentrated to give a colorless oil. 
The crude product was taken up in 5 mL of ethanol and 20 mg of NaBH* was added. After 5 minutes the 
mixture was concentrated to dryness, diluted with 10 mL of 10% citric acid and extracted with 3 X 50 mL 
ethyl acetate. The combined organic extracts were washed 1 X 50 mL sat'd NaHCOa. dried over MgSO*. 
and concentrated to give an oil. Purification by medium pressure chromatography (silica gel E Merck 
LobarTM size C column), elutng with 15% ethyl acetate/hexanes gave first the (2R.3R.4R.5S) and 
(2S.3R,4R,5S) isomers, 0.14 g. as an inseparable mixture, then secondly 0.13 g of the (2S,3S»4R.5S) 
isomer. The latter fractions contained 0.19 g of ethyl (2R.3S.4R,5S)-5-[(1p1-dimethytethoxycarbonyl)-amino}- 
3-hydroxy-4-{benzyIoxymethyl)oxy-6-phenyl-2-{phenyimethyl)hexanoate as a clear resin. 



Step E Preparation of 5(SH(1«1'dimethylethoxycart>onyl)aminol-3(S)-hydroxy-4(R)-(benzyloxymethyl)oxy-6- 
phenyl-2-<phenylmethyl) hexanotc add 

The (2R,3S.4R,5S) product of Step D, 0.19 g, was dissolved in 4 mL of 1 .2-dimethoxyethane. and to it 
was added 4 mL of 1 M lithium hydroxide. The mixture was heated to 40* C for 30 minutes, allowed to cool 
to room temperature, then acidified with 10 mL 10% citric add and extracted with 3 X 50 mL of diethyl 
ether The combined organic extracts were dried over MgSOi and concentrated to give 0.18 g of crude 
cartioxylic add which was homogeneous by thin layer chromatography (silica gel plate; metha- 
nol:chloroform; 5%:95%). 



Step F: Preparation of n'-(1 .1-dirnethylethoxycartx3nyl>-5(S>-aminch3(SHTydroxy-4(R)-(ben2yloxymethyl)ox^^ 
6-phenyi-2-(pheny{m thyl) h xanoyi leucyt-phenylaianyl amide ' 



The product of Step E» 0.18 g, was dissohred in 4 mL of dry DMF. and to it was added 0.13 g of 
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leucinyl-phenylalanyl amide hydrocfilorid© hemihydrate, 0.046 g of 1 -hydroxy benzotriazole hydrate and 
0.095 g of dimethyl-3-(3-dinnethylaminopropyl)carbodiimide hydrochloride. Triethylamine. 92 mU was added 
and the mixture allowed to stir at room temperature for 24 hours, then diluted with 50 mL of 10% citric acid 
and extracted with 3 X 50 mL of ethyl acetate. The combined organic extracts were washed with 70 mL of 
5 water. 50 mL of sat'd NaHCOa. dried over MgSO* and concentrated to give 0.2 g of crude product 
purification by low pressure chrohiatography on silica gel. eluting with 5% methanol/chloroform gav 0.12 g 
of a clear resin. 

10 Step G: Preparation of N -(1,1-dimethylethoxycarbonyl)-5(S)-amino-3(S).4(R)-dihydroxy-6-phenyl-2(R)- 
(phenyimethyi) hexanoyi ieucyl phenytalanyl amide 

The product from Step H. 0.12 g, was dissolved in 20 mL of absolute ethanol. and to it was added 100 
mg of 10% palladium on carbon and 5 mL of glacial acetic acid. The mixture was stirred under an 
75 atmosphere of hydrogen for 5 days at room temperature, then filtered and concentrated to dryness. The 
residue was dissolved in 1 mL of tetrahydrofuran and 1 mL of water was added. A white solid was collected 
and dried under vacuum over PjOs. The yield was 0.040 g of product, mp 231-232* (C.H.N). 



EXAMPLE 15 



Preparation of N-(3(S>-hydroxy'4(S)-benzopyranyl)-N'-(1.1-dimethylethoxycarbonyl)-5(S)-amino-4(S)- 
25 hydroxy-6-phenyr2(RHphenylmethyl) hexanamide 



Step A: Preparation of tetrahydrQ-2H-benzopyrano-(4.3)oxazole 

30 A mixture of 0.138 g of silver cyanate and 0.228 g of iodine in 5 mL of ether were stirred aLroom 
temperature for 1 hour. The reaction mixture was then cooled (ice-water bath) and a solution of 0.116 g of 
3-chromene in 1 mL of ether was added dropwise. The suspension was stirred vigorously at room 
temperature for about 4 hours and the precipitated silver salts filtered off. Methanol (5 mL) and a few drops 
of a solution of lithium methoxide in methanol, were added to the filtrate and the mixture stirred at room 

35 temperature for 12 hours. Solvents were then evaporated, and the residue redissolved in a small volume of 
ether, washed with water, dried over anhydrous NaaSO*. and evaporated to furnish iodo-carbamate. The 
crude iodo-cari^amate was dissolved in 2.5 mL of diglyme and heated to 160'C for 12 hours. After 
evaporation of solvent, the residue was chromatographed over silica gel (50% ethyl acetate-hexane as 
eluent) to give the Step A product 

40 

Step B: Preparation of Cis-4'aminochroman-3-ol. also known as (cis) 3-hydroxy-4'amino-ben20pyran 

The oxazole from Step A was dissolved in 1 mL of methanol and 2 mL of 1 H methanolic potassium 
45 hydroxide was added. The resulting mixture was heated to 40* C for 12 hours. After this period, methanol 
was evaporated, and the residue diluted with water, and extracted thoroughly with a mixture (3:1) of 
chloroform-ether (3 X 10). The combined extracts were dried over anhydrous NazSO* and evaporated to 
afford the Step B amino-chromanoi product which was used directly without further purification. 

50 

Step C: Preparation of N-(3(S>-hydroxy4(S)-ben20pyranyl)-N'-(1 .1 -cfimethyiethoxycarbony l)-5(S)-amino-4- 
(Syjt ,l'-dimethylethyi*1,1-dimethytsityloxy)-6-phenyh2(R)-S(phenylmethyi) hexanamide 

n'-(1 . 1 -dimethylethoxycaribiony l)-5(S)-amino-4{S)-{1 ' .1 '-dimethylethyl-1 .1 Kjimethylsily!oxy)-6-phenyl-2- 
55 (RHph nylmethyOhexanoic add of Example 1. Step H, 0.054 g, was dissolved in 1.5 mL of dry DMF, and 
to it was added 0.020 g of 1-hydroxytDenztriazol hydrate, 0.029 g of 1-6thyl-3-(3-dimethylaminopropyl) 
caritxxjiimide hydrochloride and 0.018 g of cis-3^ydroxy-4-amino-benzopyran (rac mic). Triethylamine was 
added to the stirring solution until the pH is 8.5. After stiring for 12 hours at r om temperatur , the reaction 
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was poured into 10 mL of water and extracted with 3 X 15 mL of ethyl acetate. The combined organic 
extracts were washed with 10% citric acid, water, saturated aqueous NaHCOs solution and dried over 
anhydrous NajSO*. Evaporation of the solvent gave a residue of a mixtur of diastereonr^ers which w re 
separated by chronnatography over silica gel (50% ethyl acetate/hexanes) to afford the pure isonners as 
colorless oils. * 



Step D: Preparation of n'(3(SHiydroxy«4<SH3enzopyranyl)'N''(1 j-dinnethylethoxycarbonyl)-5(S)-aminch4(S^ 
hydroxy-6'phenyl*2(R)*(phenylmethyl) hexanamide 

The bottom diastereomer (50% ethyl acetate-hexane) from Step C (0.022 g). was placed in a flask and 
to it was added 0.3 mL of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours 
at room temperature, the solvent was removed In vacuo , and the residue was extracted with ethyl acetate (2 
X 15 mL). The combined extracts were washed sequentially with brine and water arxj dried over anhydrous 
Na2S0i. Evaporation of the solvent gave a residue which was chromatographed over silica gel to afford the 
product as a white solid. 



EXAMPLE 16 



Preparation of N-(2,3^ihydroxypropyO-N'-(1 ,1 -dimethylethoxycarbonyl)-5(S)-amino-4(S)-hydrGxy-6-phenyl-2- 
(RHphenylmethyi) hexanoyi vaiyi amide ' 



Step A: Preparationof N''(1,1-dimethylethoxycarbonyl)valyl'N'(2,3-dihydroxypropyl)amide 

N'-(1,1-dimethy[ethoxycarbonyi)valine, 4.34 g, was dissolved in 100 mL of dry DMF, and to it was 
added 1.82 g of 1-amino-2,3-dihydroxypropane, 3.82 g of 1-ethyl-3-<3Klimethytamlnopropyl) carbodiimide 
hydrochloride, and 2.7 g of l-hydroxybenztriazole hydrate. Triethylamine was then added until the pH was 
8.5. The reaction was stirred for 2 hours, after which time it was poured into 500 mL of water and extracted 
with 3 X 200 mL ethyl acetate. The organics were combined and extracted with 3 X 50 mL 10% citric acid. 
1 X 50 mL water. 1 X 50 mL of a saturated aqueous solution of NazCOa, 1 X 50 mL brine, dried (NazSOi), 
and the solvent removed to give the Step A product without need for further purification. 

Step B: Preparation of n'-(1 ,1-dimethylethoxycari3onyl)-5(S)-amino-4(SH1 ' ^ '-dimethy lethy 1-1 . 1 -dimethyl- 
silyloxy)-6-phenyh2(RHphenyimethyl)hexanoylvalyl-N-(2>dihydroxypropyl)amide . 

The Step A product, N'-(1.1Klimethylethoxycal1x)^yl)valyl-^H2,3<lihydroxypropyl)amide .029 g. was 
dissolved in 10 mL of ethyl acetate and cooled to 0* C with an ice bath. HCI gas was then bubbled through 
the solution for 10 minutes after vvhich time the solvent was removed. The residue was dissolved in 10 mL 
diy DMF, and reacted as in Step H above using .05 g N'-(1,1-dimethylethoxycarbonyi>-5(S)-amino-4(SH1 
.1 Klimethylethyh1.1-dlrnethylsilyloxy)-6-phenyk2(RHphenylmethyOhexa^ acid from Step A in Example 
1, .019 g 1-ethy»-3-{3-dimethylaminopropyO cartwdilrrude hydrochloride, and .014 g l-hydroxyfcjenztriazole 
hydrate at a pH of 8.5 to give the Step B product which was purified by preparative thin layer 
chromatography (10% methand/chloroform saturated with amnrronia). 



Step C: Prepgatfon of N'-(1.1^dlnr^ethytethoxycaftx)ny^)-5(Shamino^4(S)-hydroxy-6i^heny^2(R 
(phenylmethyl)-hexanoyhmlyl-N-(2.3-dihydroxypropyt)amide "~ 

The product from Step 8, .047 g, was treated with 1 mL of a 1 M solution of tetrabutylammonium 
fluoride in THF in a similar manner as Step B. Bcample 2 to giv .023 g of the product (M.P. = 170-171 
0* C) after purification by preparative thin layer chromatography (10% methanol/m thylen chloride). 
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EXAMPLE 17 



Preparation of N-(Methyl-5-amino-5-cleoxy- j9-D'ribosyl)'N'-(1 . 1 -dimethy lethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-e-phenyl-ajRHP^enylmethyiyhexanoyl valyl amide 

Step A: Preparation of Methyl'5*amino-5*deoxyj3'D-ribosylvalamide 

To a stinred solution of 0.50 g og N'-{1.1-dimethylethoxycarbonyl)-valine-hydroxy succinimide ester in 
10 mL of DMF was added a solution of 0.808 g of methyl-5-amino-5-deoxy2.3.0-isopropylidene-^-D-ribose 
in 2 mL of DMF. After stirring the resulting mixture at room temperature for 12 liours. the solvent was 
removed in vacuo, and the residue diluted with 10 mL of brine and extracted with ethyl acetate (3 X 10). 
The combTned extracts were dried over anhydrous NasSO* and evaporated. The residue was chromatog- 
raphed over silica gel (50% ethyl acetate-hexane) to give methyl-5-amino-5-deoxy-2,3,0-isopropylidene-^- 
D-ribosyl-N'-<1.1-dimethylethoxycarbonyl) vaiamide. To a solution of 0.316 g of the al^ve valamide in 5 mL 
of ethyl acetate-methanol (1:1) at -25* C, anhydrous hydrochloric gas was passed for 5 minutes. The 
resulting solution was stirred at that temperature for 2 hours and then nitrogen gas bubbled through. 
Evaporation of the solvent gave a residue which was washed with ether (2x) and dried under vacuum to 
give the Step A product amine hydrochloride salt as a white solid. 

Step B: Preparation of N-(Methyl-5-amino-5-deoxy-i3-t>ribosyl>-N'-(1J-dimethylethoxycarbonyl)-5(S)-amino- 
4(S)-(T" ,1 -dimethylethyl-1.1-dimethylsilyloxy)-6'phenyl'2(R)-(phenylmethyl)-hexanoyl-valyl amide 

N'-(1,1-dimethylethoxycarbonyl>-5(S)-amincHHS)-(l' ,l'-dimethylethyl-1,l-dimethylsilyloxy)-6-phenyl-2- 
(RHphenylmethyl) hexanoic acid,0.150 g. was dissolved in 8 mL of dry DMF, and to it was added 0.115 g 
of 1 -hydroxy benztriazole hydrate, 0.163 g of 1-ethyl-3-(3-dimethylaminopropyl) carbodilmide hydrochloride 
and 0.235 g of Step A product methyl-5-amino-5-deoxy-^-D-ribosyl-valamide. Triethylamine was added to 
the stin-ing solution until the pH was 8.5. After stinring for 12 hours at room temperature, the reaction was 
poured into 10 mL of water and extracted with 3 X 15 mL of ethyi acetate. The combined organic extracts 
were washed with 10% citric acid, water, saturated aqueous NaHCOa solution and dried over anhydrous 
Na2S04. Evaporation of the soh/ent gave a residue which was flash chromatog raphed over silica gel (5% 
methanol-chlcroform) to afford tfie Step 6 product compound as a colorless oil. 

Step C: Preparation of N-(Methyl-5-amino-5-deoxy-j3-D-ribosyl)-N'-<1 .1 -dimethylethoxycarbonyl)-5(S)-amino- 
4{S)-hydroxy-6-phenyr'i2(R)*(phenylmethyl)hexanoyl«valyl amide 

The product from the previous step 0.170 g. was placed in a flask and to it was added 2 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 12 hours at room temperature, the solvent 
was removed in vacuo , and the residue extracted with ethyl acetate (2X15 mL). The combined extracts 
were washed Tequentiaily with brine and water and dried over anhydrous Na2S04. Evaporation of the 
solvent gave a residue which was chromatographed over silica gel to afford the product as a white solid 
(mp 186-189' C). 



EXAMPLE 18 



Preparation of N-(2(RHiydroxy-1 (S)-indanyl>-N'-<1 ,1 -dimethy lethoxycarbonyl)-5(S>-amino-4(S)-hydroxy-6-(2- 
naphthyl)-2(R>-(phenylmethyl)hexanamide 

Step A: Preparation of N-< -2(R)-hydroxy*1(SHndanyl)N'-{1 ,1 -1 ,1-dimethylethoxycarbonyl)-5(S)-amino-4(S)' 
(1 ,1 *^imethylethyH .1-din)ethylsilytoxy)-6^2-naphthyl-2(R)-<phenyimethyl)hexanamid 
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N (l.l-dimethy!ethoxycarbonyl)-5(S)-amino-4(SHl' j'-dimethylethyl-1.1-dimethylsilyloxy)-6-<2-naph- 
lhy!)-2(R)-{phenylmethyl)h xanoic acid. 0.068 g (0.118 mmol). [prepared in a similar manner as described 
for Example 1. Steps A-H but starting in Step A with N-2 (SH(1,l-dimethylethoxycarbonyl)-amlno}-3-(2- 
naphthyOpropionaldehyde), was dissolved in 2 mL of dry DMF. To this solution were added 0.025 g (0.13 

5 mmol) of EDC, 0.018 g (0.13 mmol) <Df HOST, and 0.023 g (0.15 mmol) of 1 (S)-amino-2(R)-hydroxyindane. 
Triethylamine was added to the stirring solution until the pH was 8.5. After stimng at 25* C for 48 hours, the 
reaction mixture was poured into 20 mL of ice water and extracted with 3 X 20 mL of ethyl acetate. The 
combined organic extracts were washed with 1 X 50 mL of 10% citric acid. 1 X 50 mL of saturated aqueous 
sodium bicarbonate solution, and 1 X 50 mL of brine, dried (NaaSO*). RItration and concentration gave 0.08 

10 g of the product which was used without further purification. 



rs 



20 



Step B: Preparation of N-(2(R)-hydroxy-1(S)-indanyl>-N'-(l.l-dimethylethoxycartoQnyl)'5(S)-amino-4(SV 
hydroxy-6-(2-naphthyl)-2(R)'(phenyimethyl)-hexanoic carboxamide 

The product from Step A. 0.08 g, was dissolved in 1 mL of THF and to it was added 1 mL of a 1 M 
solution of tetrabutylammonium fluoride in THF. After stirring for 7 hours, the solvent was removed in vacuo, 
and the residue was treated with 20 mL of 10% citric acid solution to precipitate Step B product after 
chromatography on silica gel eiuting with CHCIatCHsOH. 97:3. An analytical sample was obtained by 
recrystailization from CH2Cl2:hexane. mp 198-200* C; 



25 



elemental analysis. Calcd. for C37H42N20s (594.76): 



Found: 



c = 


74.72; 


H = 


712; 


N = 


c = 


74.36; 


H = 


746; 


N = 



4.60. 
4.60. 
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EXAMPLE 19 



Preparation of N-(2-benzimida2olylmethyl)-N'-<1,1-dimethylethoxycarbonyl)-5(S)-amino*4(S)-hydroxy-6- 
phenyl-2(R)-(phenylrnethyl)-hexanoyl isoleucyl amide 



40 



45 



50 



55 



Step A: Preparation of N'(1.1-dimethylethoxycarbonyl)isoleucyl(succinimlde) 

A 15 g (0.065 mole) quantity of Boc-isoleucine. B2 g of N-hydroxysuccinimide. and 13.7 g of EDC were 
dissolved in 80 mL of DMF. After stirring at 25* C for 18 hours, the solution was added to 500 mL of water 
and extracted with 3 x 200 mL of ethyl acetate. The organic layers were combined, washed with 4 X 200 
mL portions of water, 200 mL of brine, and dried (Na2S0»). Filtration and concentration in vacuo gave 20^ 
g (95%) of Step A product mp 62-64* C. 

Step B: Preparation of N-(2-benzimida2olylmethyl)-N''(1.1'd!methylethoxycarbonyl)rsoleucyl amide 

The product of Step A. 4.6 g (14 mmol), was dissolved in 70 mL of 1 ^-dimettxjxyethane. and to it were 
added 5.9 g (28 mmol) of 2-aminomethyl-ben2imida2ote dihydrochloride and 7.8 mL (56 mmol) of 
triethylamine. After stirring at 25* C for 18 hours, the soh/ent was removed in vacuo and the residue was 
dissolved in 250 mL of ethyl acetate. This solution was washed with 3 x lOOTnlTporBons of water, 100 mL 
of brine, and dried (NajSO*). Filtration and concentration in vacuo gave 4.4 g (87%) of Step 8 product after 
chromatography on silica gel (CHaCbrCHaOH. 95:5). 

Step C: Preparation of N«<2-t>enzimida2olylmethyl)-^soleucyl amide 

The product of Step B. 2 g (5.6 mmol), was dissolved in 50 mL of ethyl acetate and cooled to -25 *C. 
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Hydrogen chlorid gas was bubbled into^the solution for 0.75 hour or until TLC indicated complete r action. 
Nitrogen was bubble into the reaction as It was left to warm to ambient temperatur . Concentration in vacuo 
gav 1.6 g (86%) of Step C product. 

Step D: Preparation of N'(2-beni!imida2olylmethyl)-N''(ij-dimethylethoxycarbonyi)'5(S)'amino-4(SHl' 
dimethyi-1 .1-dimethylsilyloxy)-6'ph9nyi-2(R)-(phenylmettiyl)'hexanoyl isoleucyl amide 

n'-{1 .1 -dimethylethoxycarbonyl)-5(S)-amlno-4(S)-(1 ' .1 '-dlmethylethyl-l ,1-dimethylsiIyloxy>-6-phenyl-2- 
(R)-(phenylmethyl)-hexanoic acid. 0.50 g (0.95 mmol). was dissolved in20 mL of DMR To this solution were 
added 0.199 g (1.04 mmol) of EDC. 0.141 g (1.04 mmol) of HOBT. and 0.38 g (1.14 mmol) of N-(2- 
benzimidazolylmethyijisoleucyl amide dihydrochloride. Triethylamine was added to the stin-ing solution until 
the pH was 8.5. After stirring at 25 * C for 72 hours, the reaction was poured into 1 00 mL of water and 
extracted with 2 X 100 mL of ethyl acetate. The combined organic extracts were washed with 3 X 50 mL 
portions of water. 50 mL of brine, and dried (NaaSO*). Concentration in vacuo gave 0.60 g (85%) of Step D 
product, after purification of column chromatography on silica gel (CH2C(2:CH2 0H,95:5). 



Step E: Preparation of N-(2-benzimida20lylmethyl)-N''(l ,^dimethylethoxycarbonyl)-5(S)-am^no-4(S)- 
hydroxy^■phenyl*2(R>-(phe^ylmethyl)■hexanoyl isoleucyl amide 

The product from Step D, 0.60 g (0.081 mof), was dissolved in 7 mL of THF and to it was added 7 mL 
of a 1 M solution of tetrabutylammonium fluoride in THF. After stirring for 18 hours, the solvent was 
removed in vacuo, and the residue was treated with 100 mL of water to precipitate 0.50 g (95%) of the title 
compoundT after chromatography on silica gel (CHCI3 saturated with ammoniatCHaOH, 95:5). mp 232- 
233 'C. 





Elemental analysis Calcd for C38H4' 


3N5O5: 






C = 


69.59; 


H = 


7.53; 


N = 


10.68. 


Found: 


C = 


69.66; 


H = 


7.56; 


N = 


10.54. 



EXAI^PLE 20 



Preparation of N'-<1,1-dimethylethoxycarbonyl)-5(S)-amino-4<S)-hydroxy-6-phenyl-2(R)'(3''phenylprop-2 -en- 
1 'yl)hexanoyKS)'phenylgiycyH2-hydroxyethyi)-amide 

Using the general procedure outlined in Example l. Step F. (5S. l'S) 3-carbethoxy-5-{1-((1.1- 
dimethyIethoxycarbonyl)amino)-2-phenylethyi)dihydrofuran-2-(3H)-one (4.15 g. 11.0 mmol) was alkylated 
with cinnamyl bromide (2.17 g. 11.0 mmol) to give (SS.l'S) 3-carbethoxy-3-<3'-phenyiprop-2'-en-r-yl)-5-(1- 
((1.1-dlmethylethoxycarbonyl)amino)-2-phenylethyl)-dihydrofuran-2-<3H^-one (5.43 g). This material (5.43 g. 
11.0 mnrwl) was decarboxylated (Example 1, Step G) to give (3R,5S.1 S) 3-(3'phenylprop-2'-en-l'-yi)-5-(1-(- 
(1,1-dimethylethoxycarbonyl)amino)-2-phenylethyl)dihyrofuran-2-(3H)-one (2.50 g). Following Example 1. 
Step H, the aforementioned lactone (2.50 g, 5.9 mmol) was hydrolyzed. silylated, and rehydrolyzed to give 
N'-(1.1-dimethylethoxycarbonyl)-5(S>-amino-4<SH1 .l'-dimethylethy 1-1.1 -dimethylsiIyloxy)-6-phenyl-2-<R)- 
(S'-phenylprop-z'-en-l'-ylHiexanok: add (2.14 g). This material (0.31 g, 0.6 mmol) was coupled to (S)- 
phenylglycine-2-hydroxyethyl amide (0.14 g. 0.6 mmol) according to Example 1, Step I to give N-(1,1- 
dime%l0thoxycarbonyl>-5(S)-amino-4(SK1 ' .1 '-dimethylethyl-1 ,1-dimethylsiiylcxy)-6-pheny»-2(R)-(3'- 

phenyfprop-2'-en-l'-yl-)hexanoyl (S)-phenylgycy!-2-hydroxyethyl amide (0.085 g). This silyl ether (0.085 g, 
0.12 mmol) was deprotected according to Example 1. Step J to give the titJe compound (0.039 g), mp 198- 
200* C. 



EXAMPLE 21 
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Preparation of N-(1 (R).2(S>-dihydroxy'3($)-indany t)-N'-< 1 .1 -dimethy lethoxycarbonyt)-5(S)-ami no4(S)- 
hydroxy'6-phenyl-2(RH3 -phenylprop^a -en-l -yl)-hexanamide 

According to Example 1, Step I, N'-(l.lHjimethyiethO)cycarbonyl)-5(S)-amino-4{SHl' .1 -<^'"ieth^ 
l.l-dimethylsiiyloxy)-6-phenyl-2(RH3'-phenylprop-2'en-l'-yl)hexanoic acid (0.15 g. 0.27 mmol) was coupled 
to 1(R),2(S)-dihydroxy-3(S)-amlnoindane (0.045 g. 0.27 mmol) to give n' -(1,1 -dimethyl ethoxycarbony l)-5(S>- 
amino-4(S)-(1 ,1-dimethylethyt0.1-dimelhylsilyloxy)-6-phenyl-2(R)-(3'-phenylprop-2'-en-l'-yl)hexanoyh 
^(S)-dihydroxy-3(S)-aminoindane (0.19 g). This material (0.19 g, 027 mmol) was deprotected according to 
Example 1, Step J to give the title compound, (0.11 g), mp 218-219* C. 



EXAMPLE 22 



Preparation of N'(2-hydroxyethyl)-N'-(1,1-dimethytethoxycarbonyl)'5(S)-amino-4(S)-hydroxy-6-^henyl-2(R 
(phenylthiomethyl)hexanoy(-(S)-phenylglycyl amide ' 

According to Example 1. Slep F. (58,1 'S) 3-cart>ethoxy-5-(1-((1,1-dimethylethoxycartx3nyl)amino)-2- 
phenylethyl)dihydrofuran-2-(3H)-one (5.8 g, 15.37 mmol) was alkylated with phenyl thiomethyl chloride (2.44 
g. 15.37 mmol) to give (SS.l'S) 3-cart3ethoxy-3-(phenylthiomethyl)-5-{1-((1.1-dimethyiethoxycarbonyl 
)amino)-2-phenylethyl)-dihydrofuran-2-(3H)-one (8.58 g). This material (8.58 g , 17.2 mmol) was decarisox- 
ylated according to Example 1, Step G. to grve (3R,5S,l'S) 3-(phenylthiomethyi)-5-(1((1,1-dimethylethox- 
ycarbonyl)amino)-2-phenylethyl)dihydrofuran-2-(3H)-one (1.3 g). Again, following Example 1, Step H, the 
decarboxylation product (1.3 g. 3.04 mmol) was hydrolyzed. silylated, and rehydrolyzed to give n'-(1.1- 
dimethyIethoxycarbonyl)-5(S)-amino-4(S)-(l' .r-dimethylethyl-1.1-dimethylsilyloxy)-6-phenyl-2(R)-(phe- 
nylthiomethyi)hexanoic add (0.80 g). This material (0.35 g, 0.63 mmol) was coupled to (S)-phenylglycine-2- 
hydroxyethyl amide (0.43 g. 1.87 mmol) according to Example 1. Step I to give N'-(l.l-dimethylettiyl-1j- 
dimethylsilyloxy)-6-phenyl-2(R)- (phehylthiomethyl)hexanoyl-(S)-phenylglycyl-2-hydroxy ethyl amide (0.34 g). 
This silyl ether (0.33 g. 0.45 mmol) was deprotected according to Example 1. Slep J to give the title 
compound (0.01 g), mp 158-159* C. 



EXAMPLE 23 



Preparation of N-(2(R)-hydroxy-1(S)-rndanyl)-N'-(1,1<lim8thylethoxycarbonyl)-5(S)-amino-4(S)4iydroxy 
phenyl-2(RH(4-(l,1 -dimethylethyl)phenyl)methyi)-hexanamide 

According to Example 1. Slep F. (SS.l'S) 3K:arbethoxy-5-(1-((1.1-dimethylethoxycart>onyl)amino)-2- 
phenylethyl)dihydrofuran-2-(3H)-one {2J2B g, 6.05 mmol) was alkylated with 4-<1,1-dimethylethyl)- 
phenylmethyl bromide (1.37 g, 6.05 mmol) to give (5S.rS) 3-carbethoxy-3-(4-(1.1-dimethylethyl)- 
phenylmethyl>-5-(1-((l J-dimethylelhoxycarbonyl)amino)-2-phenylelhyl)-dihydrofuran-2-(3H>K>ne (3.1 7 g). 
This material (3.17 g. 6.05 mmol) was decarboxylaled according to Example 1, Step G, to give (3R.5S.l'S) 
3H4-(1.1.diniethylethyl)phenylmethyl)-5-(H(1.lKjimethyiethoxycarbon 

2-(3H)-one (0.60 g). Following Example 1. Step H, the decartwxytation product (0.60 g, 1^ mmol) was 
hydrolyzed. silylated, and rehydrolyzed to gh/e N'-(1,l-dimethethoxycarbonyl)-5(S>-amino-4(S)-(l,1- 
dimethytethyhlJ-dimethysilyloxy)-6i5henyh2(RH4-<1.lKJimeth^ add {022 g). 

This material (0,14 g. 0.24 mmol) was coupled to 1(S)-amino-2(R)-hydroxyindane (0.043 g, 0^9 mmol) 
according to Example 1, Step I. to give N'-(1.1-dimethylethoxycart5onyl)-5(S)-amino^S)- (l' .l'- 
dimethylemyh1,l-d(methylsilyloxy>-6i3henyh2(R)-(4-(l,l<lim thylethyl)phenylmethyDhexanoyH(S)-amino-2- 
(R)-hydroxyindan (0.172 g). This silyl ether (0.172 g, 024 mmol) was deprotected according to Example 1, 
Step J, to ghro the title compound (0.067 g), mp 187-189* C, 
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EXAMPLE 24 

Preparation of N'(2'ben2imida2olylmethyi)-N'*(4-pyridylm thoxycarbonyl)-5(S)-amino-4(S)-hydroxy-6- 
pheny l-2(RHph "nyimethyl)hexan9ylisoleucyi amide 

Step A: Preparation of N-{2'ben2irnidazotylmethyl)'5($)-anr>inO'4(S)-hydroxy-6-phenyl-2(R>-(phenylmethyi)- 
hexanoyl Tsoleucyl amide 

N-(2-ben2imida20lylmethyl)-N'-(1J-dimethylethoxycarbonyl)-5<S)-amino^S)-hyd 
(pheny lmethyl)-hexanoyl isoleucyi amide. 0.08 g (0.12 mmol) was dissolved in 10 mL of CH2CI2 with stirring 
and cooling in an ice water bath under argon. To this solution was added 2 mL of trifluoroacetic acid. After 
stirring at 0*C for 2 hours, the reaction was concentrated in vacuo , and the residue partitioned between 100 
mL of CH2CI2 and 50 mL of saturated aqueous sodium bicarbonate solution. The organic layer was 
separated, washed with 50 mL of brine and dried (NaaSOi), filtered and concentrated in vacuo to give 0.065 
g (97%) of N-(2-benzimida20lymethyi)-5(S)-amincH4(S)-hydroxy-6-phenyl-2(RHphenylmethyl)-hexanoyl 
isoleucyi amide. 

Step B: N-(2-ben2imid^ 
(phenyimethyl)-hexanoyl isoleucyi amide 

The product from Step A, 0.065 9 (0.12 mmol), and 0.185 g (0.68 mmol) of isonicotinoyi p-nitrophenyl 
carbonate were dissolved in 6 mL of dry DfVtF. After stining at 25 *C for 18 hours, the reaction was 
dissolved in 50 mL of CH2CI2. washed with 5 X 25 mL portions of 5% sodium hydroxide solution. 25 mL of 
brine, and dried (NaaSOt). RItration and concentration in vacuo followed by chromatography on silica gei 
(CH2Cl2:CH30H, 95:5) gave 0.016 g (20%) of title compound, mp 210-212* C; 



elemental analysis Calcd. for C^oHUsNs 05*0.75 H2O: 



Found: 



c = 


80.20: 


H = 


6.80; 


N = 


c = 


68.14; 


H = 


6.62; 


N = 



11.93. 
11.81. 



EXAMPLE 25 



Preparation of Dilithium N-{2'phosphoryioxyethyl)-N'-<1,1-dimethylethoxycarbonyl)-5(S)*amino^(S)-hydroxy- 
6-phenyl*2(R)-(phenyimethyl)hexanoyl-leucine amide 



Step A: Preparation of Methyl n'-(1 ,1 "dimethy lethoxycartxjny l)-5(S>-amino-4(S>^ydroxy-6-phenyl-2(R>- 
(phenylmethyl)hexanoyHsoleucinate 

A solution of 170 mg (032 mnriol) of N'-(1,1-dimethyIethoxycarbonyl>-5{S)-amino-4<S>-(t-butyldimethyl- 
silyioxy)-6i)henyl-2(RHphenylmethyl)he)canoic add, prepared as described in Example 1. Step H, was 
dlssoh^ in 1 mL DMF. To this solution was added 47 mg (0.35 mmol) l-hydroxybenzotriazole hydrate, 68 
mg (0-35 mrrrol) dimethyl-3-(3-dimethylaminopropyl)-cart)odiimtde hydrochloiide and 64 mg (0.35 mmol) 
isoleucine methyl ester hydrochloride. After 5 minutes, triethylamlne (98 tiL, 0.70 mmol) was added and the 
mtxtur "was stirred overnight The product was partitioned between EtOAc and 10% citric add and the 
organic phas was washed with water and brin . After drying (NazSOi). the solvent was evaporated to give 
250 mg of an oil which was purified by chromatography on sifica (10% EtOAc/hexane). Tliis material (220 
mg) was dissolved in 2 mL 1 M tetrabutylammonium fluoride in THF. After stirring ovemight, the mixtire was 
diluted with eth r and washed with 10% citric add. water atKl brine. After drying, the solvent was 
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evaporated to give 171 mg of material which was chromatographed on silica (2:1 hexane/EtOAc). There was 
obtained 153 mg of th Step A product as a white solid. 



5 Step B: Preparation of N'(2-hydroxyethyl)-N -(1 ,1'dimethylethoxycarbonyl>-5(S)-amino-4<S)-hydroxy-6' 
phenyl-2(R)-(phenylmethyl)hexanoyl-ieucine amide" 

The methyl ester obtained in Step A (0.28 mmol) was dissolved in 3 mL Df^E and 0.6 mL 1 N LiOH 
was added followed by 1 mL water. The mixture was stirred 1 hour at room temperature and overnight at 

w 4* C. This mixture was allowed to warm to room temperature over 2 hours, diluted with 10% citric acid and 
the product was extracted into EtOAc. The extract was washed with water and brine. The extract was dried 
(NasSOt) and evaporated to give 125 mg of a white solid. This solid was dissolved in 2 mL DMF with 1- 
hydroxybenzotriazole (28 mg, 0.28 mmol). ethanolamine (34 uL, 0.56 mmol) and dimethyl-3-(3- 
dimethylaminopropyOcarbodiimide hydrochloride (54 mg. 0.28 mmol). After stining overnight, the mixture 

75 was diluted with water and extracted with ElOAc, The extract was washed with 10% citric acid, water and 
brine. After drying (NaaSO*), the solvent was evaporated to give a white solid. The solid was stirred with 
EtOAc and a white solid weighing 5.4 mg was isolated by filtration. Recrystallization from acetone gave 30 
mg of the Step B product, mp 202-204* C. 



20 



25 



30 



step C: Preparation of N-(2-diben2ylphosphoryloxyethyl)-N''(l.l-dimethylethoxycarbonyl)"5(S)-amino-4(S)- 
hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyHeucine amide 

The phosphorylating agent [bis(ben2yioxy>-{N.N-diisopropylamino)phosphinel used in the following 
procedure is described in W. Bannwarth and A. Trzeciak, Helv. Chim. Acta. 70, 175 (1987). 

The compound prepared in Step B (21.7 mg, 0.038 mmol) was dissolved in 0.5 mL DMF and 15 mg 
(0.043 mmol) of bis(benzyloxy>-(N,N-diisopropylamtno)phosphine was added followed by 3.9 mg (0.056 
mmol) tetrazole. After 2 hours, an additional 1 1 mg of the phosphine and 3 mg of tetrazole were added and 
stirring was continued ovemight. A quantity of m-Chloro-peroxybenzoic acid (30 mg of 65% purity. 0.056 
mnrwl) was added and the mixture was stirred for 1 hour. The mixture was diluted with EtOAc and washed 
sequentially with 5% NaHSOa. 10% NaHCOa and brine. After drying, the solvent was evaporated and the 
residue was chromatographed on 5 g silica gel (2.5% MeOH/CHCb). There was obtained 22.2 mg of Step C 
product 



35 



40 



Found: 



Analysis Caicd. for CazHtrNaOe: 



c = 


67.46; 


H = 


8.31; 


N = 


c = 


6720: 


H = 


8.37; 


N = 



7.38. 
7.32. 



45 



50 



Step D: Preparation of Dilithium N'(2'phosphoryloxyethyO-N'»(1.1-dimethyl*ethoxycarbonyl)-5(S)-amino-4(S)- 
hydroxy-6*phenyl-2(R)-(phenylmethyl)hexanoyi'leucine amide 



The product of Step C (19.6 mg, 0.024 mmol) was dissolved in3 mL 95% ethanol and 19 mg 10% Pd/C 
was added. This mixture was stinred 4 hours under an atmosphere of hydrogen. Lithium hydroxide (48 L of 
1 N) was added and the mixture was filtered through Cellte. The Ceiite pad was washed with ethanol and 
water. The solvents were removed on a rotary evaporator and the residue was redissolved in 2 mL water. 
The cloudy solution was filtered through C^ite and lyophilized to afford 16.7 mg of the title compound as a 
fluffy white powder. ^H-NMR (O2O) a (Chemical shift data relative to water peak assigned 5.50 ppm.) 729- 
7.05 (10H, m); 3.9 (1H. d); 3.64 (3H. m); 3.42 (1H. m); 3.16 (2H. t); 2,86-2.5 (6H, m); 1.5-1.8 (3H. m); 1.19 
{9H. s); 0.98 (1H, m); 0.7 (6H, m). 



55 



EXAMPLE 26 
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Preparation of N-(2-(2'(2-methoxyethoxv)ethoxy)ethyl>N^(i jKjimethylethoxycartx)nyl>-5(S)'am 
tiyclroxy-6-phenyl-2(Rp(phenylmethyi)hexanoyl valyl amide 

5 Step A: Preparation of 2-[2-(2*methoxyethoxy)ethoxy]-ethyl tosylate 

Powdered KOH (10.6 g, 0^0 mo!) was suspended in anhydrous diethyl _ther (250 mL) and cooled to 
0*C under an argon atmosphere. Triethylene glycol monomethyl ether (23.9 mL. 0.15 mol) and p-toluene 
suifonyl chloride (30.5 g. 0.16 mol) were added sequentially to the suspension. The progress of the reaction 

10 was monitored by thin layer chromatography. After stirring for 16 hours, additional powdered KOH (2.5 g. 
0.04 mol) and triethylene glycol monomethyl ether (1 .0 mL. 0.006 mol) were added to the reaction mixture. 
After another 2 hours no p-toluenesulfonyl chloride was present in the reaction mixture. The reaction 
mixture was filtered of solids and the filtrate was washed with water, and brine, dried (MgS04). filtered, and 
concentrated in vacuo to give 46.5 g of Step A product as a colorless oil. ^H-NMR (CDCb) 5 2.45 (s. 3H); 

;5 3.38 (s. 3H); 3':53lmr2H); 3.60 (m, 6H); 3.68 (t, 2H); 4.16 (t, 2H); 7.32 (d, 2H); 7.80 (d. 2H). 



Step B: Preparationof 2-[2-(2'methoxyethoxy)ethoxyl-ethyl phthalimide 

20 Potassium phthaiimide (40.7 g. 0.22 mol) and the product of Step A (46.5 g, 0.146 mol) were mixed 
together in anhydrous dimethyl formamide (150 mL) and heated at 120*C for 2 hours under an argon 
atmosphere. The reaction mixture was cooled to room temperature, diluted with diethyl ether (600 mL) and 
filtered through Celite. The filtrate was concentrated in vacuo to give an oil. This oil was dissolved in diethyl 
ether (226 mL), and the ether solution washed with water, 0.1 N NaOH. and brine, dried (MgSO*), filtered 

25 and concentrated in vacuo to give another oil. This oil was triturated with water, causing some solid to 
crystallize out The solid was filtered and the filtrate extracted with methylene chloride (2 X 75 mL). The 
combined extracts were dried (MgSOi), filtered, and concentrated in vacuo to give Step B product (24.4 g)- 
as a colorless oil. ^H-NMR (CDCI3) S 3.33 (s, 3H); 3.48 (m. 2H); 3.60'(m. 4H): 3.66 (m, 2H): 3.75 (t, 2H):.3,91 
(t, 2H); 7.70 (m. 2H); 7.84 (m. 2H). 

30 

Step C: Preparation of 2'[2-(2*methoxyethoxy)ethoxy]-ethyl amine 

The product of Step B (24.3 g, 0.083 mol) was dissolved in ethanol (100 mL) and hydrazine (26.5 mL. 

35 0.83 mol) was added. The reaction mixture was heated to reflux and a copius white solid precipitated out. 
The reaction mixture was cooled to room temperature, diluted with ethanol (500 mL) and filtered. The filtrate 
was concentrated in vacuo to give an oil. This oil was combined with the solid from atwve. mixed with water 
(250 mL) and the pH adjusted to 2.0 by addition of concentrated hydrochloric acid. An insoluble solid was 
filtered and the filtrate was made strongly basic by addition of 10 N NaOH. This solution was extracted with 

40 methylene chloride(4 x 100 mL). The methylene chloride extracts were combined, dried (NaOH) and 
concentrated in vacuo to give 12.1 g of oil. This oil was chromatographed on silica gel eluted with 5% 
methanol in chloroform, saturated with ammonia to give Step C product (9.57 g) as a colorless oil. ^H-NMR 
(CDCI3) 5 1.54 (s. 2H); 2.87 (t 2H); 3.38 (s. 3H); 3.52 (t, 2H); 3.56 (m. 2H); 3.66 (m. 6H). 

45 

Step D: Preparation of N-(tert'butoxycartx3nyl)-L-valine sucdnimide ester 

N-(tert-butoxy carbonyl)-L-valine (5.02 g, 0,023 mol), N-hydroxy succinimide (2.88 g, 024 mol), and 1- 
(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (4.89 g, 0.025 mol) were dissolved together in 
50 anhydrous dimethylformamide (25 mL). After stirring for 16 hours at room temperature, the reaction mixture 
was concentrated in vacuo to remove solvent The residue was partitioned between ethyl acetate and 10% 
aqueous dtric add. The organic phase was separated, washed with saturated aqueous NaHCOa. brine, 
dried (MgSOi), filtered aid concentrated m vacuo to give 6.83 g of a white solid. ^H-NMR (CDOs) s 1.05 
(m. 6H); 1.46 (s, 9H); 2.30 (m. 1H); 2.85 (s. 4H); 4.60 (dd, 1H); 5.02 (d. 1H). 

55 

Step E: Preparationof t^2«<2'{2-methoxyethoxyhethoxy)ethyl]valine amide hydrochloride 
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The product of Step 0 (130.5 mg. 0.41 mmol) and the product of Step C (73 mg, 0.45 mmol) wer 
dissolv d together in dimethoxyethane (1 .5 mL) at room temperature under an atmosphere of argon. After 4 
hours, the reaction mixture was concentrated in vacuo to remove solvent and the residue was chromatog- 
raphed on silica gel using a gradient elution"of 0-5% methanol in chloroform. This gave 108.5 mg of a 
colorless oil as product. 'H-NMR (CBQa) 5 0.90 (d, 3H); 0.95 (d. 3H); 1.45 (s, 9H): 2.10 (m. IH); 3.40 (s. 
3H); 3.48 (m. 2H); 3.58 (m. 4H); 3.62 (m. 6H); 3.92 (t.lH); 5.15 (d, IH); 6.40 (br.s, IH). This oil was 
dissolved in ethyl acetate (5 mL) and cooled to 0*C. Hydrogen chloride gas was bubbled into the solution 
vigorously for 20 seconds and then stopped. After another 15 minutes at O'C. the reaction mixture was 
concentrated in vacuo to give 76.8 mg of a non-crystalline solid as the Step E product. 



10 



20 



Step F: Preparation of N'{2-(2-(2-methoxyethoxy>-ethoxy)ethyl)-N'-(1 J-dimethylethQxycarbQnyl)-5(S)-amino- 
4(S)-hydroxy-6-phenyl-2-(R)-{phenylmethyl)hexanoyl valyl amide 

75 5(S)-tert-butoxycarbony!amino-2(R)-ben2yl-4{S)-tert-butyldimethylsilyloxy-6-phenyl-hexanoic acid (98 
mg. 0.186 mmol). 1 -hydroxybenzotriazole (28.9 mg, 0208 mmol), 1-{3-dimethylaminopropyl)-3-ethyl car- 
bodiimide hydrochloride (402 mg, 021 mmol) and the product of Step E (69 mg. 0.231 mmol) were 
dissolved together in anhydrous dimethyl formamide (4.5 mL). Triethyl amine (70 ul. 0.502 mmol) was 
added to the solution and the reaction mixture was stirred at room temperature for 16 hours under an 
atmosphere of argon. The solvent was removed in vacuo and the oil residue was partitioned between ethyl 
acetate and 10% aqueous citric acid. The organic phase was separated and washed with brine, dried 
(MgSOt). filtered and concentrated in vacuo to give an oil weighing 176.8 mg. This oil chromatographed on 
silica gel eluted with a gradient of 5^3% methanol in methylene chloride to give 135 mg of a coloriess oil. 
This oil was dissolved in a 1 molar tetrahydrofuran solution of tetrabirtyl ammonium fluoride (3 mL) and 
25 stirred at room temperature for 16 hours. The reaction mixture was concentrated in vacuo and the residue 
partitioned between ethyl acetate and 10% aqueous citric acid. The organic phase"was separated, washed 
with saturated aqueous NaHCOa and brine, dried (MgSOt) and concentrated in vacuo to give 108 mg of oii. 
This oil wash chromatographed on silica gel eluted with 10% ethanol in hexane to give 35 mg of the title 
compound as a white solid. 'H-NMR (CDCb) 5 0.79 (d. 3H); 0.84 (d. 3H); 1.36 (s, 9H); 1 .73 (m. 2H); 2,00 (m, 
30 IH): 2.66 (dd, IH); 2.86 (m, 4H): 3.33 (m, 5H); 3.56 (m, 12H); 4.13 (t, IH); 5.00 (d, IH); 7,00 (d. 2H); 7,17 
(m. 10H). 



35 



Analysis Caicd. for CaeHssNsOa '1/2 CaKO: 



Found: 



c = 


6527; 


H = 


8.59: 


N = 


c = 


65.19: 


H = 


8.34; 


N = 



6.17. 
6.25. 



40 



EXAMPLE 27 



45 



Preparation of N -(1 .1 -dimethylethoxycartx>nyl)-4<S)-amirKt-5-cyclohexyl-3(S)-hydroxypentanoyl-glutafnyl- 
phenylaianine amide 



50 



55 



Step A: Preparation of n'-(1 . 1 -dimethylethoxycartxjny l)-4(S)-amino-5-cydohexy l-3(S)--hydroxypentanoyKw- 
Oben2y(glutamyl)-phenylalanine amide — _ 



To a solution of Glu (TOCHjCcHsj-Phe-NHj-Ha (820 mg, 0.00195 mole). Boc ACHPA'OH (590 mg. 
0.0019 mole), and 1 -hydroxy benzatriazole (800 mg, 0.0059 mole) in N,N-dimethylformamide (10 mL) cooled 
at -20 *C was added N-methylmorpholine (1.0 mL 0.009 mol ) followed by 1 -ethyl-3-{3- 
dimethylaminopropyO carbodiimide-hydrochloride (375 mg. 0.0019 mole). After addition of another 0.7 mL 
of N-methylmorphoIine (pH-8). the reaction mixture was stirred under Na at about -20* C for 2 hours and at 
room temperature overnight (20 hours). Th solution was concentrated in vacuo and the residue taken up in 
ethyl acetate and 10% aqueous citric acid. The ethyl acetate solution was washed with water, aqueous 
NaHCOa. and brine, and dried over NajSO*. Filtration and evaporation gave a pale yellow residue, which 
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was triturated with ether to give the Step A product as a white sotlde (1.15 g. 90% yi Id), mp 147-150* C. 



Analysis Calcd. for C37H52N*08 Nat. Wt. 680.855 



Found: 



c = 


65.27; 


H = 


7.70; 


N = 


?c = 


65.41: 


H = 


7.81; 


N = 



8.23. 
8.34. 



Step B: Preparation of n'-(1 , 1 -dimethy lethoxycarbonyl)-4(S)-amino-5<yclohexy l-3(S)'hydroxypentanoy 1- 
glutamyl-phenylalanine amide 

A mixture of Boo ACHPA-Glu (yCHaCsHs) PheNHj (1.1 g, 0.0016 mole) and 10% palladium on 
activated carbon (60 mg) in methanol (25 mL) was stirred under a hydrogen atmosphere for 4 hours and 
then filtered through a pad of Super-cel. The filtrate was concentrated in vacuo and the residue recrystal- 
lized from methanol to give the title product as a colorless crystalline solid (560 mg. 56% yield), mp 
>180"Ceff. 



Analysis Calcd for CaoHicNiOa •CH3OH. 



Found: 



c = 


59.79; 


H = 


8.09: 


N = 


c = 


59.43: 


H = 


8.18; 


N = 



9.00. 
9.06. 



EXAMPLE 28 



Preparation of N-(3-dimethylaminopropyi)-N'-(1.1-dimethylethoxycarbonyl)-5(S)-amino-4(S)-hydroxy-6- 
phenyl-2(R)-(phenylmethyl)hexanoyl valyl amide 

Step A: Preparation of n'-{1 J<limethylethoxycart>onyl)-5(S)-amino-4(S)-(1 ' j'-dimethylethyl-IJ-dimethyl- 
silyloxy)-6-phenyl-2(R)-(phenylmethyl)hexanoyl-N-(4 ,4 -dimethylamino propyl)valyl amide 

N'-(1.1-dimethylethoxycarbonyl)-5(S)-amino4(S)-(l' . I'-dimethylethy 1-1.1 -dimethylsily loxy)-6-pheny 1-2- 
(R)-(phenylmethyl)hexanoyl-valine. 0.2 g, was reacted with 0.04 g of 4,4-dimethylaminopropyl amine. 0.075 
g 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride, and 0.063 g 1 -hydroxybenztriazole hydrate 
using triethylamine to adjust the pH to 8.5 as in Step A, Example 2, to give the Step A product after 
purification of preparative thin layer chromatography (10% methanol/chloroform saturated with ammonia). 



Step B: Preparation of n'-(1 J -dimethylethoxycaft>onyl)-5(S>-amino-4(S)-hydroxy-6-pheny I2(R)- 
(phenylm^yl)-hexanoy>-N-(4\4"-dimethylaminopropyi)valyi amide 

The product from Step A, .18 g. was treated with 2 mL of a 1 M solution of tetrabutylammonium fluoride 
as in Step A. Example 2. to give .078 g of the product (mp 175-177 0*C) after purification by preparative 
thin layer chromatography (10% methanol/methylene chloride). A sample of this product 0.03 g, and maleic 
acid, 0.006 g, were dissolved in 10 mL of methanol and stirred for 10 minutes, after which time the solvent 
was removed and the resulting solid recrystallized from ethyl acetate/methanol to yield 0.027 g of the 
product as the maleate salt (mp 12S-127 0* C). 



EXAMPLE 29 
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Preparation of N-Ben2yl'2(S>-[N-2(SH(1.1-dimethylethoxycarbonyi)aminoh2-(4-hydroxyphenylh 
hydroxy-2-propyl]-l(R)-cyclopentane carboxamide ("cis-Tyr-Pro") 

5 Step A: Pfeparation of N-6(SH(1.1'bimethylethoxycarfaonyl)aminol-7-(4'ben2yk)xyphenyi)-(Z)-4-hepte 
acid 

To a stirred suspension of 4-carboxybutyltriphenyl phosphonium chloride (77.4 g. 201 mmoi). (prepared 
as described by D.B. Denney and LC. Smith, £ Org. Chem., 27, 3404 (1962)) in 400 mL dry 

10 tetrahydrofuran cooled to 0*C in an ice^vater bath and under nitrogen was added dropwise a solution of 
potassium bis(trimethylsilyl)amide in toluene (505 ml, 0.692 M, 349 mmol) such that the temperature of the 
reaction remained below 0.8* C. After addition the reaction was stin-ed at 0* C for 5 hours, cooled to -75* C 
in a dry ice/isopropanol bath, and a solution of N-2(SH{M-dimethylethoxycarfcK)nyi)-aminoh3-(4-ben2yiox- 
yphenyl)propionaldehyde (17.7 g, 49.5 mmol) in 200 mL dry tetrahydrofuran was added dropwise such that 

15 temperature remained below -73 ' C. After addition was complete, the reaction mixture was allowed to slowly 
warm to 25 "C where it was stirred for 18 hours. Reaction was quenched by the addition of methanol (40 
mL) and concentrated under reduced pressure. The residue was taken up in ethyl acetate (200 mL) and 
10% citric acid (200 mL), the organic phase was collected, and the aqueous phase was extracted with ethyl 
acetate (3 x 100 mL). The combined organics were washed with saturated NaHCOa (3 x 100 mL) and brine 

20 (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered and concentrated to give 35 g of a yellow 
oil. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 x 15 cm 
column; chlorofonm (97%):methanoi (3%)) to yield Step A product (19,0 g, 90% yield). An analytical sample 
was obtained by recrystallization from diethyl etherhexane, mp 113-1 15* C; 



25 



30 



elemental analysis. Calcd. for C2sH3iNOs (425.526): 



Found: 



c = 


70.56: 


H = 


7.34; 


N = 


c = 


70.45: 


H = 


7.54; 


N = 



3.29. 
3.30. 



as 



40 



45 



Step B: Preparation of N-6(S)-{( 1,1 *Dimethytethoxycartx)nyl)aminol-7-<4-ben2yloxy phenyl)- 1-hydroxy-(Z)'4- 
heptene 

To a stirred solution of the product of Step A (18.8 g, 44 mmol) in 50 mL dry tetrahydrofuran under 
nitrogen was added triethylamine (9.2 mL, 66 mmol). The solution was cooled in an ice/methanol bath to 
-18]C and ethyl chloroformate (6.3 mU 66 mmol) was added such that the temperature remained t^elow 
•lO'C to give a light yellow suspension. After warming tp -2*C over 45 minutes, the mixture was filtered 
through a medium sintered glass funnel with cooling of the filtrate in an ice bath. To the filtrate at 0*C 
under nitrogen was added portionwise sodium borohydride (3.1 g. 82 mmol) followed by dropwise addition 
of methanol. After stining at O'C for 1 hour following addition, the reaction was quenched by the additionof 
water (50 mL) and allowed to warm to 25'C. The mixture was poured into 10% citric acid (200 mL) and 
extracted witti diethyl ether (3 X 150 mL). The combined organics were washed with 5% NaOH (3 X 100 
mL), water (1 X 100 mL), and brine (1 X 100 mL), dried over anhydrous magnesium sulfate, filtered, and 
concentrated. The crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 9 
X 15 cm column; chlorofonm (98%)3nethanol (2%)) to yield Step B product (14.5 g, 80% yield). An 
analytical sample was obtained by recrystallization from ethyl acetaterhexane, mp 94-97* C; 



so 



elemental analysis Calcd. for C2sH33NO» (411.542): 



Found: 



c = 


72.96; 


H = 


8.80: 


N = 


3.40. 


c = 


72.89; 


H = 


8.05: 


N = 


3.26. 



55 



Step C: Preparation of N-6(S)-{1 ,1 -Dimethylethoxycarbonyl)aminol'7-(4-ben2y loxypheny i)-1 
methanesulfonyHZ)-4-heptene 
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To a stinred solution of the product of Step B (5.55 g. 13.4 mmol) in 100 mL dry metliylene chloride 
cooled to 0* C in an ice/water bath and under nitrogen was added triethylamine (7.7 mL. 55 mmoi) followed 
by methanesulfonyl chloride (2.1 mU 27 mmol) dropwise such that temperature of the reaction remained 
below 2* C. The reaction was stirred at 0* C for 30 minutes then quenched by the addition of Ice water (100 
5 mL). After warming to 25*C. the organic phase was collected and the aqueous phase was extracted with 
methylene chlorid (2 X 25 mL)/The combined organics were washed with water (2 X 50 mL). 10% citric 
acid (2 X 50 mL), saturated NaHCOa (2 X 50 mL), and brine (1 X 50 mL). dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give Step C product (6.55 g, quanL yield) as a white solid, mp 73- 
75 "C. 

10 

Step D: Preparation of N-6(S)-{(1 .1 -Dimethylethoxycarbonyl)amino]-7-(4-ben2yloxyphenyl)-1 -iodO'(Z)-4'hep- 
tene "~ 

;5 To a stirred solution of sodium iodide (19.9 g, 13.3 mmol) in 100 mL acetone under nitrogen was added 
a solution of the product of Step C (6.5 g, 13.3 mmol) in 130 mL acetone. The clear yellow solution was 
stirred at 25* C for 1 hour, heated under reflux for 1 hours, and stirred at 25 'C for 1 hour. Upon 
concentration under reduced pressure, the resultant residue was taken up in water (50 mL) and extracted 
into ethyl acetate (3 X 50 mL), The combined organics were dried over anhydrous magnesium sulfate, 

20 filtered, and concentrated to give Step D product (6.7 g. 97% yield) as a light yellow solid. An analytical 
sample was obtained by recrystallization from diethyl ether, mp 83-84.5* C; 



25 



elemental analysis Calcd. for C25H32NO3I (521,44): 



l^ound: 



c = 


57.58; 


H = 


6.18; 


N = 


c = 


57.61; 


H = 


6.10; 


N = 



2.69. 
2.67. 



30 



35 



40 



46 



Step E: Preparation of Ethyl N-8(S)-[(1.1-dimethyiethaxycarbonyl)amino]-9-(4^enzyloxyphenyl)-2- 
ethoxycarbonyl'(Z)«6-nonenoate 

To a stinred suspensionof sodium hydride (53.5 mmol, from 2.14 g. 60% in oil dispersion; rinsed with 3 
X 30 mL dry hexanes) in 20 mL dry dimethylformamide cooled to O'C in an ice/water bath and under 
nitrogen was added dropwise diethyl malonate (12.1 mL, 80 mmol). The mixture was stirred at 25 C for 30 
minutes, then a solution of the product of Step D (6.57 g. 12.6 mmol) in 35 mL dry dimethylformamide was 
added rapidly via cannula The reaction was heated at 80* C for 40 minutes, cooled to 25 C. and 
concentrated under high vacuum. The resultant residue was partitioned between ethyl acetate (200 mL) and 
10% citric add (100 mL). the organic phase was collected and the aqueous phase was extracted with ethyl 
acetate (3 X 50 mL). The combined organics were washed with water (2 X 100 mL), saturated NaHCOa (2 X 
100 mL). and brine (1 X 100 mL). dried over anhydrous magnesium sulfate, filtered, and concentrated to 
give 16^ g yellow oiL Crude product was purified by low pressure chromatography (silica gel 230-400 mesh; 
9 X 15 cm column: hexanes (85%):ethyl acetate (15%)) to yield Step E product (6.95 g. 99% yield as an 
oily white solid. An analyticaJ sample was obtained by recrystallization from diethyl ethenhexanes. mp 45- 
46* C; 



so 



elemental analysis Caicd. for C32H*3N07 (553.697): 



Found: 



c = 


69.42: 


H = 


7.83; 


N = 


c = 


69.40: 


H = 


7.77; 


N = 



2.53. 
2.46. 



55 Step F: Preparation of Ethyl N-8(SH(1 ^ 1 -dimethy lethoxycarbony l)aminol-9-(4-benzy loxy phenyl)-2- 
ethoxycarbonyt-6(R),7(R)-epoxy-nonenoate 

To a stirred solution of the product of Step E (6.60 g. 12 mmol) In 100 mL dry methylene chloride 
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10 



cooled in an ice methanol bath to -16'C and under nitrogen was added in one portion 3-chioroperoxyben- 
20ic acid (97%. 82 g. 47 mmol). Reaction mixture was slowly allowed to wamn to 15* C over 6 hours then 
was concentrated to dryness. The residue was taken up in diethyl ether (400 mL) and washed with diluted 
NaHCOs (2 X 100 mL), diluted Na2S03 (2 X 100 mL), diluted NaHCOg (2 X 100 mL). and brine (1 X 100 
mL), dried over anhydrous magnesiufri sulfate, fiitered, and concentrated. The crude product (as a mixture 
of isomers (threo:erythro = 52 by 'H-NMB)) was purified by low pressure chromatography (silica gel 230- 
400 mesh; 10 X 16 cm column; hexanes (70%):ethyl acetate (30%)) to yield the product of Step F (4.46 g, 
65%), mp 49-51' C. 



Step G: Preparation of 3{R)-Carboxyethyl'8($)-[N*1 (S>-((1 , 1 -dimethy lethoxycarbony l)amino)-2-(4-benzylox- 
yphenyl)ethyl]-1-oxa-7(S)-bicycio-(3.3.01octane-2'One 



15 



20 



25 



To a stin-ed solution of Step F product. N-7(SK(1.1-«iifTiethylethoxycartx3nyl)aminol-8-(4-ben2ylox- 
yphenyi)-1.1-dicarbonxyethyl-5(R),6(R)-epoxy-octan8 (2.1 g. 3.7 mmol), in 100 mL dry tetrahydrofuran 
cooled to -20* C in an ice/methanol bath and under nitrogen was added dropwise a solution of lithium bis- 
(trimethylsilyl)amide in hexanes (7.4 mU 1.0M. 7.4 mnrwDl). The reaction was allowed to warm to -5*C over 
5 minutes then was cooled to -10* C and a solutionof zinc chloride (7.4 mL, 1.0 M, 7.4 mL) was added. The 
clear solution was allowed to wann to 25 * C where it was stirred for 64 hours. The reaction was poured into 
10% citric acid (150 mL) and the mixture was extracted with diethyl ether (3 X 100 mL). The combined 
organics were washed with saturated NaHCOs (2 X 50 mL) and brine (1 X 50 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give a clear oil. The crude product was purified by low 
pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; methylene chloride (95%):ethyl 
acetate (5%)) to yield Step G product (1.4 g. 72% yield) as a clear foam, mp 41-43* C; 



30 



elemental analysis Calcd. for C30H37NO7 (523.627): 



Found: 



c = 


68.81; 


H = 


7.12; 


N = 


c = 


68.77; 


H = 


7.13; 


N = 



2.67. 
2.61. 



OS 



40 



45 



Step H: Preparation of 8(S)-{N-1(S)-((1.1'OimethylethoxycartX)nyl)amino)-2-(4-benzyloxyphenyl)-ethyl>1-oxa- 
3(R),7(S)-bicyclo{3.3.0]octane-2-one 

To a stin-ed solution of the product of Step G, (47 mg. 0.09 mmol) In 1.-0 mL 1,2-dimethoxyethane under 
nitrogen was added 1.0 mL IN UOH (aq.). The clear solution was stinred for 4 hours then 13 mL 10% citric 
add was added. The mixture was extracted with diethyl ether (3 X 20 mL) and the combined organics were 
washed with water (1 X 20 mL) and brine (1 X 20 mL). dried over anhydrous magnesium sulfate, filtered, 
diluted with 20 mL dry toluene, and concentrated to dryness. The crude acid was dissolved in 10 ml 
xylenes and healed at 160* C for 10 hours then concentrated under high vacuum. The crude product was 
purified by low pressure chromatography (silica gel 230-400 mesh; 3 X 16 cm column; hexanes {75%):ethyl 
acetate (25%)) to yield the title product of Step H, (20 nr>g, 49% yield), as a white solid, mp 134-137* C. 
(C;H;N). 



Step 1: Preparation of N*Ben2yl-2(SHN-2($)-((1 ,1 -dimethytethoxycartxtny i)amino>-3-(4-t)enzy loxyphenyl)-2- 
(S)-hydroxy*l -propylhl (R)-cyciopentane caripoxamide 

To a stirred solution of benzylamine (0.05 mL, 0.45 mmoO in 3 mL dry tetrahydrofuran cooled to -78* C 
in a dry ice/isopropanol bath was added a solution of n-butyllitfiium in hexanes (020 mU 1 .6 M, 0^ mmol) 
to give a red solution. After 15 minutes at 770' C a solution of the product of Step H (20 mg, 0.04 mmol) in 
2 mL dry tetrahydrofuran was added. After 90 minutes at -70* C. ttie reaction was quenched by th 
addrtioncrf 10% citric add (10 mL). The mbctura was extracted witfi tfiyl acetate (3X15 mL); ttie combined 
organics were washed witfi water (1 X 15 mL), saturated NaHCOa (1 X 15 mL), and brine (1 X 15 mL), dried 
over anhydrous magnesium sulfate, filtered, and concentrated. The crude product was purified by tow 
pressure chromatography (silica gel 230-400 mesh, 5 X 16 cm column; acetonitrile (10%):methylene 
chloride (90%) to acetonitrile (20%):mettiylene chloride (80%)) followed by preparative thin layer 
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chromatography (E. Merck plate, silica gel F254. 0.5 mm; acetonitrile (20%):m thylene chloride (80%)) to 
yield the Step I product (18 mg. 73%. yield). (C;H;N). 

5 Step J: Preparation of N-B n2yl-2(S)-[N-2(S)-((1.1-dimethylethoxycarboriyl)amino)-3'(4-hydroxypheriyl)'2(Sh 
hydroxy-1 'propylHCRj-cyclopentane cartx)xamide 

The product of Step I, 15 mg, was dissolved in 3 mL ethanol and 3 mL tetrahydrofuran and to it was 
added 5% palladium on carbon. 20 mg. The mixture was stirred under hydrogen at atmospheric pressure 
70 for 20 hours, then filtered and concentrated to dryness. The oily residue was dissolved in 2 mL of ethanol 
and 10 mL of water was added. A white solid precipitated which was collected and dried. The yield was 12 
mg of pure product (95% yield). (C;H:N). 

,5 EXAMPLE 30 



Preparation of N-Benzyl'2(R)-[N-2(SH(1.1-<:l'"r>ethylethoxycarbonyl)amino)-3'(4-hydroxyphenyl)-2(S)- 
20 hydroxy-1'propylh1(R><:yclopentane cart>oxamide ("trans-Tyr-Pro") 

Step A: Preparation of 4(S)'[(1 .1-di methyl-ethoxycart)onyl)amino]-3(S)-hydroxy-5'(4-ben2yloxy phenyl)- 1- pen- 
tene: 

25 

To a stirred solution of 80 mL of commercial 1 M zinc chloride in ether and 200 mL of dry JHF cooled 
to 0* C was added dropwise 120 mL of commercial 1 M vinylmagnesium bromide in THF. The mixture was 
cooled to -30* C and a solution of 10.8 g (30 mnrwl) of N-2(S)-{(1,1-dimethylethoxycarbonyl)amino]-3-(4- 
benzyloxyphenyl)-propionaldehyde in 200 mL of dry THF was added slowly keeping the temperature at -30 

30 £ 5* C. The reaction was allowed to warm to room temperature and stir for 90 minutes, then quenched by 
addition of 500 mL of 10% citric add and extracted into 1 L of diethyl ether. The ether extracts were dried 
over MgS04. filtered and concentrated to give a white solid. Crude product was purified by low pressure 
chromatography (silica gel; l0%-50% ethyl acetate/CH2Cl2) to yield the 3(S) alcohol. 6.0 g (56% yield) as a 
white solid which was essentially homogenous by TLC (10% ethyl acetate/hexanes). further eiution with 

35 50% ethyl acetate/hexanes afforded 0.77 g (7% yield) of the 3(R) alcohol. 

Step B: Preparation of 4($)-[ 1,1 -dimethylethoxycarbonyQami no )-3(S)-acetoxy-5-(4-ben2yloxy phenyl)- 1-pen- 
tene 

40 

The product of Step A. 6 g, was dissolved in 200 mL of CH2CI2 and to it was added 3 mL of acetic 
anhydride. 4.4 mL of triethylanriine and 25 mg of 4-dimethylaminopyridine. The mbrture was allowed to stir 
at room temperature overnight then diluted with 100 mL CHaCIs and washed with 1 X 20 mL 10% citric 
add 1 X 200 mL HjO, 1 X 200 mL safd NaHCOa and dried over MgSO*. After filtration and removal of 
45 solvents under reduced pressure, the crude product was purified by low pressure chromatography (silica 
gel; 25% ethyl acetate/hexanes) to yield the pure acetate. 6.65 g (quant), as an oil which was homogenous 
by TLC (25% ethylacetate/hexanes). 

50 Step C; Preparation of N-6(S)-[(1,1-dimethylethoxycarty3nyl)amino)-7-<4-benzyloxyphenyl)-(EH-h€ptenoic 
add " — — 

The product of Step 8. 7.43 g. was dissolved in 40 mL of dry THF and added dropwise to a solution of 
62 mL of commercial 0.692 M potassium hexamethytdisllazid in toluene and 100 mL of dry THF cooled to 
55 -78*(±5>*C under nitrogen atmcspher . After 10 minutes at -78(±5)*C. a solution of 7.3 g of t-butyl- 
dimethylsilyl chlorid in 30 mL of dry hexamethy(phosphoramide was added. The mixture was allowed to 
warm to room temperature and stir for 15 hours, then diluted with 400 mL of ethyl acetate and washed with 
2 X 100 mL 10% citric add and 2 X 200 mL of H2O. The aqueous layers were extracted with 1 X 1(X) mL of 
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ethyl acetate and the combined organic extracts were washed 2 X 200 mL of safd brine and dried over 
MgSOt. After fiitration and removal of solvents under reduced pressur the residue was dissolved in 20 mL 
of 1 M tetra-n-butylammonium fluoride in THF and allowed to stir under nitrogen for 24 hours at room 
temperature. The mixture was diluted with 50 mL of 10% citric acid and extracted with 3 X 100 mL of 
chloroform. The combined organic extracts were washed with 1 X 200 mL of water and dried over MgSO* 
then concentrated to dryness. The crude product was purified by low pressure chromatography (silica gel. 
5% methanoI/CHCb) and recrystallization from ethanol/water to yield 6.33 g (85% yield) of pure product: 
mp 121-2* C 



elemental analysis, Calc'd for CzsHaiNOs (425.52): 



Found: 



c = 


70.57. 


H = 


7.34. 


N = 


c = 


70.38. 


H = 


7.22, 


N = 



3.29: 
3.16. 



Step D thru Step G: Preparation of 8(S)-[N*1(S)-((1,1-dimethylethoxycarbonyl)amino)-2-(4'ben2ylQxyphenyl)- 
ethyl]-1-oxa-3(S),7(R)-bicyclo[3.3.0]-octane*2-one 

Employing the procedure substantially as described in Example V, Steps C through F, but substituting 
for tfie N-6(S)-((1,1-dimethyIethoxy carbonyl)aminol-7-(4-ben2yloxyphenyl)-(E)-heptenoic acid the product of 
Step C, 4.8 g, there was obtained in sequence the following: 



(Step D) 



N-€(S)-[(1 , 1 -dimethylethoxycartxDnyl)aminol-7-(4-benzyloxyphenyl)-1 -hydroxy-(E>heptene as a white 
solid. 4.4 g (quant yield) which was essentially homogeneous by TLC (5% methanol/CHCb). 



(Step E) 



N-6(S)-[(1,1-dimethylethoxycarbonyl)aminoH-{^ben2yloxyphenyl)-1-methanesuIfonyl-(E)-4-heptene as 
a clear resin, 4.2 g (78% yield) which was essentially homogeneous by TLC (5% methanol/CHCb. 



(StepF) . 

N-6(SH(1.1<Jimethylethoxycartonyl)aminoh7-(4-t)en2yloxyphenyl)-1-iodo-(E)-4-heptene as a colorless 
resin. 4.3 g (96% yield) which was essentially homogeneous by TLC (2% acetonitrile/CHzCIa). 



(Step G) 

Ethyl N-8(S)-{(1 . 1 -dimethy lethoxycarbony l)-aminoh9-(4-benzy loxypheny l)-2-€thoxy-carbony KE>-^non- 
enoate as a waxy solid. 4.4 g (98% yield) which was essentially homogeneous by TLC (25% 
acefate/hexanes). 



(Step H) 

Ethyl N-8(S)-[(1 ,1-diniethyletboxycari3onyl)-aminoh9-<44jen2yloxyphenyl)-2-€thoxy-carbonyl-6( 7(3)- 
epoxynonenoate as an oil which crystalliz s in the freez r (m Its below 0*C), 3.48 g (77% yi Id). The 
product was essentially homogeneous by TLC (30% ethyl acetate/hexanes). 



(Step I) 
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3-Ethoxycarbonyl-8(S)-[N-{l(S)-((l.i-dimethyl ethoxycarbonyl)aminoh2-(4-ben2yloxyphenyl)ethyl}-i-oxa- 
7{S)-bicyclo(3.3.01octane-2-one as a colorless foam, 3.2 g (quantitative yield) which was essentially 
homogeneous by TLC {5% ethyl acelate/CHjCb). 



10 



15 



(Step J) * 

8(SHN-(1(SH(1 J-dirnethylethoxycarbonyl)amino)-2-(4-ben2yloxyphenyl)ethyl]-i-oxa-3{S), 7(R)-bicyclo- 
[3.3.0]octane-2-one as a white solid (1.98 g, 72% yield): mp 157-159* C, 



elemental analysis. Calc'd for C27H33NOs (451.567): 



Found: 



c = 


71.71; 


H = 


7.37; 


N = 


3.10- 


c = 


71.82; 


H = 


7.31; 


N = 


3.0. 



Step K: Preparation of 3'(1J-dimethylethoxycarbonyl)-2.2'dimethyM(S)'(4-benzyloxyphenylmethyl)-5(S)-(2- 
(S)-hy"d'roxymethyl-1(R)-cyclopentyl]oxa20lidine: 

The product of Step J, 1.0 g (2.2 mmol) was dissolved in 50 mL of 1 ,2-dimethoxyethane and to it was 
added 5.5 mL (11 mmol) of 2 M lithium borohydride in THF. The solution was allowed to stir for 8 hours at 
room temperature then quenched by dropwise addition of 10 mL of water, followed by 25 mL of 10% citric 
acid. The mixture was extracted with ethyl acetate (2 X 50 mL) and the organic extracts washed 50 mL 
saturated NaHCOa dried over MgSOi and concentrated to dryness. The oily residue (1.0 g) was dissolved 
in 5 mL of 2,2-dimethoxypropane and 15 mL of acetone and to it was added 16 mg of p-toluenesulfonic 
acid, monohydrate. The mixture was stirred under nitrogen atmosphere for 24 hours, then poured into 50 
mL of saturated NaHCOa and extracted with 3 X 100 mL of ethyl acetate. The combined organic extract 
were dried over MgSO* and concentrated to dryness. The residue was purified by low pressure chromatog- 
raphy (silica gel, 3% ethyl acetate/hexanes) to give 1.05 g (95% yield) of a colorless foam which was 
essentially homogeneous by TLC. 

Step L Preparation of 3-(l.l-dimethylethoxycarbonyl)-2,2-dimethyl'4<S)-(4'ben2yloxyphenylmethyl>-5(S)-[2- 
(R)-formyl-1(R)-cyclopentyl)oxazolidine: 

The product of Step K, 1.05 g was dissolved in 50 mL of CHsCb and added dropwise to a stirred 
solution of 0.20 mL at anhydrous DMSO and 0.20 mL of oxaiyi chloride at -78* C. After 20 minutes stinging 
at -78* C, dry triethylamine. 0.70 mL was added slowly. After stirring for 40 minutes at -78 C. the mixture 
was allowed to warm to room temperature and stir for 30 minutes. The mixture was diluted with 200 mL of 
CHaCIa and washed with 1 X 100 mL 10% citric add. 1 X 100 mL HaO. 1 X 50 mL saturated NaHCOa and 
dried over MgSO*. After removal of solvents under reduced pressure, the residue, 1.1 g, was dissolved in 
16 mL of absolute methanol and to it was added 0.276 g (2 mmol) powdered anhydrous KaCOs. After 2 
hours at room temperature, the reaction was cooled to 0* C and treated with 230 mL (4 mmol) of glacial 
acetic add. After 5 minutes, the mixture was warmed to room temperature and 10 mL 1 M pH 7 phosphate 
buffer was added. After 30 minutes stirring, the mixture was concentrated and the aqueous phase extracted 
witti 5 X 50 mL of ether. The combined ether extracts were dried over MgS04 and concentrated to dryness. 
The crude product was purified by low pressure chromatography (silica gel, 15% ethyl acetate/hexanes) to 
yield 0.92 g of die product (>10:1 of the 2(R):2(S) aldehydes) as a foam. The product obtained in tiiis 
manner was essentially homogeneous by TLC (15% ethyl acetate/hexanes). 



25 



30 



Step M: Preparation of 2(R)-{N-2(SH(1 ^ -dimethy lettioxycarbony Qamino)-! (S)-hydroxy-3-(4-benzy lox- 
yphenyl>-1-pr pyl]-l(R)-cyd pentanecartx)xylic add 

The product of Step U 0.25 g (0.5 mmoO was dissolved in 3 mL of tert-butanol and 2 mL of 1.25 M 
aqueous potassium phosphate buffer (pH = 6.8). To it was added 3.0 mL of aqueous 1 M KMnO* solution 
with stirring. After 5 minutes, tfie reaction was quenched by addition of solid NaaSOa (3mL) and the pH 
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adjusted to 3 with ic cold 10% citric acid. The mixture was extracted into 5 X 50 mL of ethyl acetate and 
the combined organic extracts dri d over MgSOi then concentrated to dryness. The residue was dissolved 
in a>ethanol and 5 mg of p-toluenesulfonic acid was added. After stirring for 30 minutes at room 
temperature. 1 mL of aqueous 1 M sodium acetate was added and the mixture concentrated to dryness. 
The residu was dissolved in chlorofferm (100 mL). filtered and again concentrated to dryness. The product 
formed a solid on drying under vacuum (0.20 g, 87% yield) and was essentially homogeneous by TLC 
(1:356, AcOH: MeOH: CHCI3). 



Step N: Preparation of N-Benzyl-2(RHN-2(SH(l.l-d'methylethoxycartonyl)amino>3'(4-benzyloxyphenyl)-i- 
(S)-hydroxy-l -propyl]-! (R)-cyclopentene carboxamide ' 

The product from Step M, 0.20 g (0.43 mmol, was dissolved in 5 mL of dry DMF and to it was added 
50 mL (0.45 mmol) of benzylamine, 58 mg (0.43 mmol) of 1 -hydroxybenzotriazole hydrate and 86 mg (0.45 
mmol) of dimethyl-3-(3-dimethylaminopropyl)carbodtimide hydrochloride. Triethylamine was added dropwise 
until the pH was 8.5. After stirring for 15 hours at room temperature, the reaction was concentrated to 
dryness under reduced pressure. The residue was dissolved in 100 mL of chloroform and washed with 1 X 
50 mL of 10% citric acid, 1 X 50 mL H2O. 1 X 50 mL saturated NaHCOa dried over MgSO*. and 
concentrated to dryness. Crude product was purified by low pressure chromatography on silica gel e luting 
with 20% acetonitrile in methylene chloride to yield 150 mg of product as a foam which was essentially 
homogeneous by TLC (20% CH3CN/CH2CI2). The product formed a solid precipitate from ethanol/water. 

Step a Preparation of N-Benzyl-2(R)-[N-2(S)-((1.1-dimethylethoxycarbonyi)amino)-3-(4'hydroxyphenyl)-2- 
(S)'hydroxy'1-propylhl (R)-cyclopentane carboxamide 

The product from Step N. 150 mg was dissolved in 25 mL of ethanol and 25% of THF containing 50 
mg of 10% palladium on carbon. The mixture was stirred under hydrogen atmosphere for 24 hours, then 
filtered and concentrated to dryness. The residue was dissolved in 6 mL of ethanol and 30 mL of water was 
added. A white solid precipitated which was collected and dried. The yield was 120 mg of pure product 
(95%): (C.H.N). 



EXAMPLE 31 



Assay for Inhibition of Microbial Expressed Viral Protease 

N 

Additional compounds were tested by the assay of Example 9. The results show substantial inhibition of 
HIV protease for many of the compounds tested. The products of synthesis in Example 10-28 inclusive 
shown IC50 values in the range of 0.1 - 10 nM. 

While the foregoing specification teaches the principles of the present invention, with examples 
provided for the purpose of illustration, it will be understood that tfie practice of the invention encompasses 
all of the usual variations, adaptations, modifications, deletions, or additions of procedures and protocols 
described herein, as come within the scope of the following claims and Its equivalents. 

Claims 

1. Compounds of the fonmula: 
A-G-B-B-J I. 
wherein A is: 

1) trityl. 

2) hydrogen: 

It 

R^- C - wherein is 
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a) hydrogen. 

b) Ci -4 alkyi. substituted with one or more halogens adjacent to the carbonyl carbon where halogen is F. 
CI, Br. and I; 

4) phthaloyi wherein the aromatic ring is unsubstituted or substituted with one or more of 
5 a)Ci-ialkyl, 

b) halo. ^ 

c) hydroxy, 

d) nitro. 

e) Ci-3 alkoxy, 

TO f) Ci-3 alkoxycarbonyl. 

g) cyano, 

h) 
o 
II 

- C -NRz wherein R is H or Ci -* aikyi; 
T5 5) 

r3 0 

R2.C-0-C- 



20 




wherein R^.R^. and R* are independently 
a) H. 

25 b) Ci -€ alkyi unsubstituted or substituted with one or nnore of 

i) halo. 

ii) alkyI S02-. 

iii) aryl SO2-. 

c) Aryl unsubstituted or substituted with one or nnore of 

ii) Ci -3 alkoxy. 

iii) hafo, 

iv) nitro, 

V) acetoxy. 
35 vi) dimethylaminocarbonyl, 

vii) phenyl. 

viii) Ci -3 alkoxycarbonyl 

d) fluorenyl. 

e) R2, R3. and R* . may be independently joined to form a monocyclic, bicyclic. or tricyclic ring system 
^ which is 03-10 cycloaikyi and may be substituted with C1-4 alkyl. or 

f) a 5-7 membered heterocycie; 



6) 



45 



so wherein R^ and R^ are 

a) Ci-i alkyl, 

b) »yl. 

c) R5 and R* are joined to form a 5-7 membered heterocycie; 

7) 

R'-S02NH- C- wherein is aryl unsubstituted or substituted with one or more of 
a) Ci -4 aikyt. 
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b) halo. 

c) nitro, 

d) Ci-3 alkoxy: 

8) 



m 



10 

wherein m is 0-2 and is 

a) R'^ as defined above, 

b) trityl; 

;s 9) 
X 

(R')2 P - wherein X is O or S. or NH, and R^ Is defined above; 
G is 



20 



K 
I 



YV 



H 
I 



or 



25 



wherein 2 is 0, S, or HH and 
R- is independently 
1) hydrogen; 



30 



2) 



11 



35 



3) -OR, wherein R is H. or Ci -* aikyi 

4) -NR2, 

^ 5) Cw a!kylene-R^\ 

wherein n is 0-5 and R^° is Independently 

a) hydrogen, 

b) hydroxy, or 

c) C» -♦-alkyl; 

a) hydrogen, 

b> aryl, unsubstituted or substituted with one or nr^ore of 
i) halo, 
10 hydroxy, 

^ ifl) -NH2, -N02, -NHR, or -NRz, wherein R is H, or Ci aJkyl. 
iv) Ci-i aUcyl, 
V) Ci -3 Alkoxy, 

vi) -COOR 

vii) - C NRa. 

II 

55 O 

viii) -CH2NR2, 
ix) 
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O 
n 

-CHjNHC R. 
X) -CN, 

xi) -CF3. 
xii) 

-NH C R. 

xtii) aryl Ci-a alkoxy or aryl Ci-* alkyl. 

xiv) aryl. 

xv) -NRS02R. 

10 xvi) -0P(0)(0Rx)2 wherein Rx is H or aryl. or 
xvii) 

O 
II 

-0- C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 

c) 5 or 6 membered heterocycle including up to 3 heteroatoms selected from N, 0, and S, any of which 
75 heterocycle may be unsubstituted or substituted* with one or more of 

i) halo, 

ii) hydroxy, 

iii) -NH2. -NHR, -NRz; 

iv) Ci alkyl, 
20 v) Ci-3 alkoxy. 

vi) -COOR, 

vii) 
o 
a 

-CNR2. 
25 vni)-CH2NR2, 

o 

II 

' -NHC R, 

x) -CN, 
30 xi) CFa, 

xii) -NHSOaR, 

xiii) -0P(0)(0Rx)2 wherein is H or aryi, or 
xiv) 

O 

35 -0-C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 

d) Ci -€ alkyl or Ci -« alkenyi. unsubstituted or substituted with one or more of 

i) hydroxy, 

ii) Ci alkyl. 

iii) -NH2. -NHR. -NRa. 
40 iv) 

NH 
ft 

-NHCH , 

V) 

NH 
11 

45 -NH-C- NH2. 
vi) -COOH. 

vii) 
O 

50 viii) -SR, or arylthlo, 
Ix) -SO2NHR, 

x) C1-4 alkyl suifonylamino or aryl sutfonyl amino. 

xi) -CONHR. 
xii) 



55 



O 
II 

-NH C R, 

xiii) -OR, 

xiv) aryl Ct-3alkoxy, or. 
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x^/) aryi: 

e) C3-7 cydoalkyl unsubstituted or substituted with one or more of 

i) hydroxy. 

ii) C- -4 alkyl. 

5 iii) -NH2. -NHR, -NHR2, 
iv) 

N H 
fl 

-NH-CH , 

V) 

JO n 

-NH- C - NH2, 
vi) -COOH, 
vii) 

O 
II 

J5 - C -OR. 

viii) -SR, 

ix) -SOaNHa. 

X) alkyl sulfonylamino or aryl sulfonylamino. 
xi) -CONHR. or 
20 xii) 

O 
II 

-NH CR; 

0 a 5- to 7-membered carbocyclic or 7- to 10-membered bicyclic carbocyclic ring which is either saturated 
or unsaturated, said carbocyclic ring being unsubstituted or substituted with one or more of 
25 i) halo, 

ii) -OR, wherein R is H or Ct -< alkyl, 

iii) 

O 
II 

- C OR. 
30 iv) 

O 

n 

- C NRs. 

V) -CH2NR2, 

vi) -SO2NR2: -S(0)yR and y = 0. 1 or 2; 
35 vii) -NR2. 
viii) 

O 

Jl 

-NH C R, 
bi) -4 alkyl. 
40 x) phenyl, 
xi) -CF3, or 
xii) 

- N -SO2R; 

45 g) benzofuryl. indolyl; azabicycio Cz-ti cydoalkyl; or benzopiperidinyl; 

R'2 is -OH or .NHR^3 wherein R'3 is -H. 
O 
II 

- C H. Ci alkyl. or -COOR; and 
® is 

50 1) C3-7 cydoalkyl either unsubstituted or substituted with one or more of 

a) C1-4 alkyl, 

b) hydroxy, 

c) -NR2, 

d) -COOR, 
55 > -CONHa 

0 -NHS02a 

g) 
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O 

II 

-NH C R, 

h) aryl. 

i) aryl substituted with Ci-4alkyi, 
j) heterocycle. or 

5 k) heterocycle substituted with Ci-*alkyl; 

2) phenyl either unsubstituted or stibstituted with one or more of 

a) hydroxy, 

b) -OR. 

c) -NHR^^ 

TO d) -COOR. 

e) 
o 
II 

- C NR2, or, 
^ O 

-NH C R: 

3) 5 to 7-membered heterocycle, any of which heterocycle may be unsubstituted or substituted with one or 
more of 

i) halo, 
20 ii) hydroxy, 
iii) NR2, or, 
tv) Ci -i alkyi; 
0 is 

I III I * ' 

OH NHR W OH 

30 

wherein and R'^ are defined above; 
X is 0. S, or NH; and 
Wis 
1) OH, 
as 2)NH2. 

3) OR, or 

4) NHR; 

B iSt independently, absent, or 



40 



-NH Z; 

V 



1) YR^* wherein: 
Y is 0 or NH, and 
R'* is 

a) H; 

b) Ci -6 aikyi, unsubstituted or substituted with one or more of 

i) -NRa, 

ii) -OR, 

iii) -NHSOaCi-i aJkyl. 

Iv) -NHSOz aryl. or -NHS02-(dialkylaminoaryl), 
V) <;H20a 
vi) -Ci-4 alkyI, 
vii) 
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w 



75 



o 

II 

-C OR. 
viii) 

O 
11 

- CNR2. 



ix) -NH^NR2.frr -NH^NR2 ^ 



X) 



xii) 



NH 

0 
n 

-NHCR. 
-NSO2CH3 . 



0 



N 



20 

xiii) A® wherein A® is a countehon, 

xiv) -NR*sr*^ wherein R'^ and R^^ are the same or different and are C1-5 aikyi joined together directly to 
form a 5-7 membered heterocycle. 

XV) aryl, 

25 xvi) -CHO. 

xvii) -0P(0)(0Rx)2 wherein is H or aryl, or 

xviii) 
O 
I 

-0- C -Ci-4alkyl substituted with one or more of amine or quaternary amine; 
^0 c) -(CH2CH20)nCH3 or -(CH2CH20)„H; 

2) N(R^*)2; or 

3) -NR^SRie wherein R^s g^e defined above; 



35 



A) 



r17 



40 

wherein: 

Y, R'* and n are defined above, and 
R^' is a) hydrogen; 

b) aryl unsubstituted or substituted with one or more of 
-^5 i) halo, 

ii) -OR, wherein R is H or C1-4 alky I 
ill) 
O 

n 

-Goa 

50 iv) 

O 

II 

- CNRa, 
V) -CH2NR2, 
vi) -SO2NR2, 
55 vii) -NF^ . 
viif) ^ 

D 

-NH OR. 
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10 



xi) Ci-4 alky!. 

x) phenyl 

xi) -CFa. 
xii) 

R 

xiii) -Ci-i alkyl -NR?, 

xiv) -0P(0)(0Rx)2 wherein R, is H or aryi, or 
xv) 

0 

II 

-0- C -Ct -*alkyi substituted with one or more of amine or quaternary amine; 
c) Heterocycle as defined below, 
unsubstituted or substituted with one or more of 
i) halo. 

T5 ii) -OR, wherein R is H, Ci alkyl, or Ci -iaikenyl, 
ill) 

- Cor, 

iv) 

20 0 

- ci NR2. 

V) -082 NR2, 

vi) -S02NR2, 

vii) .NR2. 
25 vili) 

O 

II 

-NH C R, 
xi) Ci -4 alkyi. 
X) phenyl 
30 xi) -CF3, 

R 

xii) -NSO2R, 

35 



xiii) phenyl Ci -* alkyl, 

xiv) -0P(0)(0Rx)2 wherein R« is H or aryl, or 
xv) 

O 

-0- C -Ci -*alkyl substituted with one or more of amine or quatemary amine; 

d) A 5 to 7 membered carbocyclic or 7-10 membered bicyclic ring which is either saturated or unsaturated, 
said cartxxyctic ring unsubstituted or substituted with one or more of 
i) halo, 

45 il) -OR, wherein R is H or Ct alkyl, 

iii) 
O 

u 

- COR. 

% 

so ti 

- CNRa, 

V) -CH2NR2, 
-vty-SOaNRa. 
vii) -NRa. 
55 viii) ^ 
11 

-NHc a 

xi) Ct -4 alkyl, 
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x) phenyl 

xi) -CF3, 
xii) 

R 

5 • N SOza ' 

xiii) -0P(0){0Rx)2 wherein Rx is H or aryl, or 

xiv) ^ 

11 

-O C -Ci -ialkyl substituted with one or more of amine or quaternary amine; or pharmaceutically accept- 
10 able salts thereof. 

2. The compounds of Claim 1 wherein B is independently present twice and Z is 0. 

3. The compounds of Claim 2 wherein J is NH2 and Q is 

'5 H 

\ I 

-C CH-. 

I 

OH 



20 



25 



30 



35 



40 



45 



50 



4. The compounds of Claim 2 wherein J is HH2 and Q is 

X 

n 

CH2-. 

w 



5- The compounds of Claim 2 wherein J is NH2 and Q is 

H 

I 

OH 



6. The compounds of Claim 1 wherein B is present once and Z is 0. 

7. The compounds of Claim 6 wherein Q is 

H r9 

CH-. 

OH 

8. The compounds of Claim 6 wherein Q is 

X 

-P— CH2. 
U 

9. The compounds of Claim 6 wherein Q is 



55 
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I 

OH 



9 

10. The compounds of Claim 1 wherein B is always absent. 

11. The compounds of Claim 10 wherein Q is 




12. The compounds of Claim 10 wherein Q Is 



X 
U 

I 

W 



■ CH2-" ' 



13. The compounds of Claim 10 wherein Q is - CH 

14. The compounds of claim 1 wherein G is 

OH 



-NH- 




or -NH- 



NH2 R 




15. The compounds of Claim 14 wherein B is absent or present once. 

16. The compounds of claim 15 wherein J is 



-NH— f-C-H 



17 



17. The compounds of claim 16 wherein A is 




1 8. n'-(1 ,lKlimethyiethoxycarbonyl)-5(S)-amino-4<S)-hydroxy-6-phenyh2(RHphenylm 
leucyl-phenylalanylamide. or pharmaceutically acceptable salts thereof. 

19. N-Ben2yl-N'-<1,1-dimethylethoxy carbonyl)-5(S)-amino-4(S)-hydroxy-€-phenyl-2(RHphenylmethyl)- 
hexanoyl-leucyl-amide, or pharmaceutically acceptable salts th reof. 
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20. N-benzy I-n'-(1 , 1 -dimethy tethoxycarbony l)-5(S)-amino-4(Shhydroxy-6-pheny l-2{R)-(pheny Imethy 1)^ 
hexanoic carboxamide, or pharmaceutically acceptable salts thereof. 

21. N -{1.1. Dim thylethoxycarbonyl)-5(Shamino^(S>-hycIroxy-6-cyclohexyl-2(R)-(phenylmethyl)- 
hexanoyMeucyi-phenylalanylamide. or pharmaceuticaily acceptable salts thereof. 

22. N -(1.1-Dimethylethoxycarb<?nyl)-5(S)-amino-4(S)-hydroxy-€-phef)yl-2(RH^ hexanoyl- 
leucyl-phenylalanine methyl ester, or pharmaceutically acceptable salts thereof. 

23. N -{1 J -Dimethylethoxycarbony l)-5{S)-amino-4(S).hydroxy-6-phenyl-2(R)-(pheny(methyl)hexanoyi- 
isoleucylamide. or pharmaceutically acceptable salts thereof. 

24. N-(2HMethariesutfonylamino)ethyl)-N'-(1J-dimethylethoxycarbonyi)-5{S)-amino-4(S)-hydrox^^^^ 
phenyl-2(R>-(phenylmethyl)hexanoyi-leucylamide, or pharmaceuticaily acceptable salts thereof. 

25. N -(1 . 1 -Dimethylethoxycarbony l)-5(Shamino-4(Shhydroxy-6-pheny l-2(R)-{pheny Imethy l)hexanoyl- 
leucyl-phenylalanylamide. 

N-Benzyl-N (1 .^Dimethylethoxycarbonyl)-5(S)-amino-4<S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl- 
Ieucyl-amrde, 

5<SH{1J-Dimethylethoxycarbonyl)-aminoh4{S)-hydroxy-6-pheny|.2(RHphenylmethyi)hex^^^ 

N -(1.1-Oimethylethoxycarbonyl)-5(S)-amino-4{S)-hydroxy-6-cyclohexyl-2(R)-{phenylmethyl)he^^^ 
phenylalanylamide, 

5{SK(1 .1 -C)imethylethoxycarbonyl)aminoH{S)-hydroxy-6-phenyl-2(R)(phenylmethyl)hexanoyl Leu-(4-hPhe)- 
amide. 

5(SK(Phenylmethyloxycarbonyl)aminoH{S)-hydroxy-6-phenyl-2(R)(phenylmethyl)hexanoyl Leu-Phe amide. 
5(SH(1 <1 <l'methylethoxycarbonyl)amirKiH{S)-hydroxy-2{R)-n-butyl-6-phenylhexanoyl Leu-Phe-amide. 
3-(1(S)-Benzyloxycarbony!amino-2-phenylethyl phosphinyl)-2(S,R)-(phenylmethyl)propanoyl-L-Leu-Phe- 
amide. 

N-[4-[(Ben2yloxycarbonyI)amino]butyl]-5(SH(1J<iimethylethoxy)carfaonylamino]-4(S)-hydroxy-6-^ 
(RHphenylmethyl)hexanoyl-Leu-amide, 

N-(1J-Dimethylethoxycarbonyl>.5(S)-amino-4{S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)-hexanoyl-leucyl- 
pher^ylalanine methyl ester. 

5(SK<1,l.Dimethylethoxycarbonyl).aminoh4(S)-hydroxy-6-phenyl-2(RH2-naphthyimethyl)hexanoyl Leucine- 
Phenylalanine amide, 

5{SK{1.1-Dtmethylethoxycarbonyl)-aminoH(S>-hydroxy-2(R)-{phenylmethyl)nonanoyl-Leucyi-Phenylalanvl 
amide, 

5(SH(1J.Dimethylethoxycarbonyl)-aminoH(Shhydroxy-6-phenyl-2(RHphenylmethyl)-hexanoyl-N 
hydroxy-1 (SHphenylmethyl)ethyl)-Leu amide, 

5(SH(1.1-dimethylethoxycarbonyl)-amino]-4(S)-hydroxy-6-phenyl-2(RHphenylmethyI)-he amide, 

r4-{2-{Methanesulfonylamino)ethyl>.N'-{1j-dimethylethoxycarbonyi).5(S)-amino 

(phenylmethyl)hexanoyl-leucylamide, 

5(SH(lJ-Dimethyiethoxycarbonyl)-aminoH(S>hydroxy-6-phenyl-2(RH amide. 

5(SK(1.1.Dimethylethoxycarbonyl).aminoH(S)-hydroxy-6-phenyl-2(RH{4-benzyloxy^ 
hexanoyl-Leu-Phe amide, 

5{SH(1J-DimBthylethoxycarbonyl)-aminoH(S)-hydroxy.6-phenyl-2(RHphenylmethyl)hexanoyl-lle-^^ 
amide, 

5(SH(lJ-Oimethylethoxycarbonyl)-amino].4(S}-hydroxy-6-phenyi-2(R)H(4-hydroxyphenyl)methyn^ 
Leu-Phe amide, 

5{SH(1.1-Oimethylethoxycarbonyl)-amino]-4(S^hydroxy-e-phenyl-2{R)^methyI)hexanoyl-Le^ 
5(S)-{(lj^!methylethoxycarbonyl)-amino]-4{S)-hydroxy-6-phenyl-2(RHphenyimethyi)^ 
hydroxy-1 (S)-phenytethyl)Leu amide, 

5{SH{1j-Dimethyiethoxycartxjnyl)-amlnoH{Shhydroxy-6-phenyl-2(R)-(phenyimethyl)-hexa^^^ 
acetamidoethyl)Leu amide, 

5(SH(1J-Dimethyiethoxycarbonyl>-aminoH(S)^ydroxy-6-phenyl-2(R>-(3'phenyl-prop-2'^ 
phenylalanine-amide. 

5(SH(1 .1 -D<'TOthylGthoxycart>ooy l).amtncH<S)^droxy-6-phen^^ 
hydrQxyethyi)Leu amide. 

5(SH(1.l.Dimethylethoxycarbonyl>.aminoH(S)-hydroxy.6-pheny|.^ 
benzylamide, 

5(SH(1.1-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6iDheny^2(RHp nytalycine 
amide. 

4{SH(1.1-0imettiyleth xycart3onyl)aminoh3(SHjydroxy-6-methylheptanoyl-glutamyl-phenylalani amide 
5{SH(1.1-0ifnethyl ttK)xycarbonyl)aminoH{SHiydroxy-6i3henyl-2(RHph nylm thyl)hexanoyl-N-{4. 
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dimethylaminopropyO-lle-aTiide, , 

5(SH(1 .1 -Dimethylethoxycarbonyl)aminoh4(S)-hydroxy-6-phenyl-2(R)-(4 -phenyl-phenylmethyDleucne- 

phenylalanine amide, . ... . . 

5(S)-[(1 .1 -Oimethylethoxycarbonyl)aminoH(S)-hydroxy-6.phenyl-2(R)-(phenylmethyl)hexanoyl valine amide. 
5 5(SH{1 .1 -Dimethyiethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2{R)-{phenylmethyl)hexanoyl-Leu-Phe- 

benzyl-ester, ' , 

5{S)-[{1.1-Dimethylet)ioxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2(R)-(4-phenyl-phenylmethyl)-isoleucine- 

N-benzyl amide, ^ „^ , , 

5(S)-t(1.1-Dimethylethoxycarbonyl)amino]-4(S)-hydroxy-6-(2-naphthyl)-2(R)-{phenylmethyl)hexanoyl-Leu-Phe 

70 amide. , . , 

5(S)-[(1 . 1 -Dimethylethoxycarbony l)amino]-4(S)-hydroxy-2(R).6-diphenylhexanoyl-Leu-Phe-amide. 

5{SH(1.1-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2{R)-<phenylmethyl)hexanoyl-N-{2- 
dimethylamino ethyl)-lle amide. 

5(SH(1.1-Oimethylethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)hexanoyl-N-(2- 

75 pyridylmethyl)lle amide, 

5(S)-l(1.1-Dimethylethoxycarbonyl)aminoh4(S)-hydroxy-6-{2-naphthyl)-2(R)-(phenylmethyl)hexanoyl-lle- 

benrylamide, 

5(SH(1 ,1 -Dimethylethoxycarbonyl)amino]-4<S)-hydroxy-6-phenyl-2{R)-(phenylmethy l)-hexanoyl-Ile-Phe 
amidd, 

20 N^Methyl-5-amino-5-deoxy-2.3,0-isopropyiidene-j3-D-ribosylh5(SV(1jKiimethy1eth^^^ 

hydroxy-6-phenyl-2(R)(phenylmethyl)-hexanoyl lie amide. 
5(SH(1.1-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-€-phenyl-2(R)-{phenylm 

neopentylglycine amide, 

N-(2(S.R)-HydroxyM(R.SHndanyl)-5(S)-(1J-dimethylethoxycarbonylaminoH(S>hydroxy-6-ph 

25 phenylmelhyihexanamide, , , 

5(SH1.1-DimethyiethoxycarbonytaminoH(S)-hydroxy-6-phenyl-2(RH3 -phenylpropyl)hexanoyl-leuane- 

phenylalanlne amide, 

5(SH1J-OimethylethoxycarbonylamiTO)-4(S)-hydroxy-6-phenyl-2(R)-(phenytmethyl)hexanoy^ 

dimethylamino propyl)-Val amide, 
30 N-(Methyl-5-amino-5-deoxy-;3-D-ribosylh5(S)-(l.1-dimethylemoxycarbonylaminoH^^^ 

(RHphenylmethyl)hexanoyl-lle amide. 

5(SH(1J-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2(RMphenyimethyl)hexanoyh 
butyiglycine-benzylamide, 

5(SH(1J-Dimethylethoxycarbonyl)aminoH(S)-hydroxy-6-phenyi-2(R)-(phenylmemyl)hex 

35 dihydroxy-propyl)-lle amide, 

5{SH(1.1-D'fTiethyiethoxycarbonyi)amino]-4(S)-hydroxy.6-phenyl-2(RHphenyimetliyl)h^ 

cyclohexyiglycine-amide, , ' ' u i m 

5(SH(1.1-Dimethylethoxycarbonyl)aminoH(S)-hydroxy^iDhenyl-2(RH^ phenyiprop-2 -en-l yl)hexanoyi-N- 

(3-dimethyl amino propyl) valine amide. , , , 

40 n'-(1 .l.Dimethylethoxycarbonyl)-5(S)-amino-4(S}-hydroxy-6-phenyl-2(RH3 -phenylprop-2 -en-1 -yl)- 
hexanoyHS)-phenylglycyl-{2-hydrcxyethyl)amide. 

5(SH1.1-DimethyIethoxycarbonylaminaH(Shhydroxy-6-phenyl-2(R)-(phenylmemyi)hexanoyl^ 
(phenylmethyi)-valine amide. 

N.{cis-2(S.R)Hydroxy-1 (R.SHndanyl)-5(SH1 . 1 -dimethy lethoxycarbonylamino)-4{S)-hy droxy-6-(4- 
45 benzyloxyphenylmethyl)-2(R)-(phenyimethyl)hexanamide. 

5{SH1 .1 -Oimethylemoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethy l)-hexanoyl-N^^ 
(imidazol-4-yl)-1-(liydroxymethyl)-propyl]-ile-amide, 

4{SH(1J-Oimethylethoxycarbonyl)aminoh3(S)-hydroxy-5^yciohexylpentanoyl-g!utamyl-phe 

amide, , , . 

50 5{SH(1J-DifT^thyiethoxycarbonyl)aminoh4{S)-hydroxy-6-phenyl-2(RH3phen -yi)-hexanoyl - 

(S)-phenylglycine amide, 

5(SH(1.1-Dimethy!ethoxycarbonyi)aminoH(S)-hydroxy-6i5henyi-2(RH4Hiitroph 
amide. 

5(SH1.1-0imethylethoxycarbonylaminoH{S)-hydroxy-6-phenyl-2(RHphenyimethyl)hexano 
55 amide, 

N-(2(S or RHiydroxy1.2,3,4.tetrahydro-l(R or S)-naphthyl)-5(S)-(1,l-dim thylethoxycarbonylamm H<S)- 
hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide, 

N-{2(R or S)-hydroxy-1,2.3.4-tetrahydro-1(S or R)-naphthyl)-5(SH1.1-dimethylethoxycarbonylamino)-4{S)- 
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hydroxy-6-phenyl-2(R)-phenylmethyl hexanamide, 

N-{ds-2(S.R)-Hydroxy-1(R.SHndanyl)-5(SHlJ-dimelhylethoxycarbonyte^ 
hydroxyphenyl)-2(R)-phenyImethylhexanamide, 
5(S)-{1J-Dimethyl0thoxycarbonyl)am^o-4{Shhydroxy-6i3henyl-2(R).^ 
dihydroxypropyl)-Val-amide, 

N-<cis-2(R)-Hydroxy-1 (SHndany(>-5{Sh{1 , 1 -dimelhy lethoxycarbonylaminoM(S)-hydroxy-6-phenyl-2(R)- 
phenylmethyl-hexanamide, 

5(S)-{1.1.DimethylethoxycartonylaniinoH{S).hydroxy-3(S or R)-hydroxy-6-phenyl-2(R)-phenyfmethy|. 
hexanoyl-Leu-Phe-amide, 

5(S)-(1 J -Dimethy!ethoxycartx)ny laminoKS)4iydroxy-6^henyl.2(R^^^^^ 
(2(R,S).3-dfhydroxypropyl)-phenylglycine amide. 

5(S)-[(1J-Dimethylethoxycarbonyi)ammoH(S)-hydroxy-6-phenyl-2(R>.(phenylmethyl)he 
benzimidazolyl methyl)lle amide 

5(S)-(1J-Dimemylethoxycarbonylamino>4(S)4iydroxy-6-phenyl-2{R)-(pheny(methyl)hexanoyl-^^^^ 
lie amide, 

N-(Methyl-5-amino-5-deoxy.^.D-ribosyl)-5(SH1.1-dlmethylethoxycarbonylamino)-4(S)-hydroxy-6^ 
(R)-phenylmethylhexanoyl-VaJ amide. 

N-(Methyl-5-amino-5-deoxy-2.3.Wsoproplidene-tf-D-rlbosylh5(SH1J-dlmethylethoxycarbonylaminoH4(SV 
hydroxy-6-phenyl-2(R)-{phenylmethyl)hexanoyl-Val amide. 

5(S)-(l,1-Oimethylethoxycarbonylami^oH(S)-hydroxy-6-phenyl-2(R)(phenylmethyl)hexanoyl-N^2-{2- 
methoxyethoxy)ethylpsoleucine amide. ' 

5{S)-(1 .1-0'rnethylethoxycarbonylamlnoH<S)-hydroxy-6-phenyl-2(R)-(3'phenylpropyl)hexanoyl-N-(2'(R S) 3"- 
dihydroxypropyl)-p»ienylglycine amide, » x • /• 

[4(S)-(1.1-Dimethylethoxycarbonylamino)-3(S>-hydroxy-5-phenylpentanoylhS-glutamyl-S-phenylalanine 

amide, 

5(SH(1.1-Dimethylethoxycarix5nyl)aminoH(S)-hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyhN-f2-{4- 
imidazolyOethyllvaline amide. ' i -\ 

N-<cis-2(n)-Hydroxy-1(S)-indanyl)-5-(Sh(l.lKlimethylethoxycartx)nylaminoH(S)-hydroxy-6-phenvl-2(RVf3 
phenylprop-2 -en-l -yOhexanamide, ' v 

N-(1(R or S). 2(S or R)-Dihydroxy-3(S or RHndanyl)-5(SH1.1-dlmethylethoxycarbonylaminoH(S>-hydroxv. 
6-piienyl-2(R)-(phenylmethyl)hexanamido, r v r yu o^iy 

NK2(RhHydroxy-1(S)-indanyl]-5(S)-[(1.lKlimethylethoxycarbonyl)ami 

2(R)-<phenylmethyl) hexanamide. j ji- j/ 

5(SH(l.l.Dimethylethoxycart»nyl)amino]-4{S)-hydroxy-6-phenyl-2(RHC4-iodophenyl)methyl)-iiexanoyl 
valine amide, ' 

N-(cis-2(R)-Hydroxy-1 (S)-indanyl)-5(SH(1 .1 -dimethylethoxycart>onyl>amino)-4<S>-hydroxy^phenyl-2(RW(4- 
iodopnenyl)methyl)hexanamide. 

5(S)-{(1.1-Dime%lemoxycartonyl)amino]^S).tiydroxy-6-phenyl-2(R)-{phenylmethyl)fnexanoyl-N-{2-{ 
pipendinyOethyl)vaiine amide. ' \ \ 

5(SH{1.1-Dimethylethoxycart)cnyl)amirTO]^S)-iiydroxy-6-phenyk2(R)^henylmethyl)tiexanoyl-^ 
hydroxyethyl)valine amide. 

5(SH(1.1-Dime%lethoxycartonyl)amifwh2(R>-phenylmethyl-4<SHiydroxy-6-phenyl-hexanoyl-rH2-f 
methoxyethoxy)-ethoxy]ethyl)isoleucine amide. 

5<SH1J-Oimethylethoxy(artX3nylaminoh2(Rhphenylmethyl^S)-hydroxy-6.phenylhexanoyl-N-f2-^^ 
dimethylaminonaphthylsulfonamido)ethyi]isoteiJcine amide. 

5{SM1 l-0imethylethoxycarbonylaminoh^SHiydroxy-6^henyl-2(R)Kphenylme%l)hex^ 
dietlnylamino-2(aS)-hydroxypropyl)valine amide. 

N-(1(R or S). 2(S or R)<fihydroxy-3KS or RHndanyl)-5(SH1.1-dimethylethoxycafbonylaminoH<S)-hydroxy- 

6-(4^iydroxyphenyl)-2{RMphenylmethyl)hexanamide. r y y 

N-(cis-2(RhHydroxy-1(SHndanyl)^SH1JKlimethylethoxycart^ 

dnnethylaminom9thyl-+4iydroxyphenyl>.2(RHphenylmethyl)hexanamlde. 

5(SH(1,1-Oime%lethoxycaitorwi)aminol-KSHiydroxy-6ijhenyl-2(flHphenylmethyO 
benamidazoylmethyl)vaOne amide. 

f:tS2r;rh;rs;reC^^ 

5(SH(1.1-Oimethyle1hoxycartx)nyl)amincHKSHTydroxy^henyl-2{RHphenylmemyl)-^ 
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dimethylaminobenzyljvaline amide. 

5(SH(1.1-Dimethylethoxycarbonyl)aminoH(Shhydroxy-6-phenyl-2(R)-(p^ 
benzimidazolylmethyOphenylglycineamide, 

3(1-<1RH1.1-Oimethylethoxycarbonylamino)-2-(phenylethyI)phosphinylh2(S or RH3henylmethy!-N-(2(R)- 
hydroxy-1 -indanyl)propanamide, 

5(SH(1 .1 -DimethylethO)cycarbon^)aminoH(S)-hyd»'0xy-6-phenyl-2(RHph nylmethyl)hexanoyl-N-(2- 
benzimidazolylW^ine amide, 

N-(2(R)-hydroxy-1(S)-indanyl)-5(SH(4-pyridinylmethoxycarbonyl)amirK)H(Shhydroxy-6-phenyl-^ 
(phenylmethyl)hexanamide, 

N-(2(R)-hydroxyM(SHndanyl)-N'-((l-methylethoxycarbonyl)aminoh4(S)-hydroxy-6-p 
(phenylmethyl)hexanamide. 

5{SH1 J-DimethylethoxycarbonylaminoH(S)-hydroxy-6-phenyl-2(RH4 -iodophenylm©thyl)hexanoyl-N-3 - 
dimethylaminopropyl)-valine amide. 

N-(ben2yt)-5(SH1.1-<lin^ethyletr»xycarbonylamino)-4(Shhydroxy-6-pheny^ 
valine thiomide. 

NK1 (R).2(S)-dihydroxy-3(SHndanyl)-N'-(1 .1 -dimethylethoxycarbonylami^ 
(3'phenylprop-2 en-y!)hexanamide. 

N-{4<S)-ben20pyranylh5(SH1 . 1 -dimethy lethoxycarbonylamino)-4(S)-hydroxy-6-phenyl-2(R)-(phenylmethyl)- 
hexanamide, 

N-[4(R.S)-benzopyranyl]-5(SH1.1-<i'"ielhylethoxycarbonylaminoH(S)-hydrox^ 
(phenylmethyi)hexanoyl-valine amide. 

N-(ailyi-5-amino-5<leoxy-2.3-0-isopropylidene-/3-0-ribosyih5(SH1.1-dimey^^ 
hydroxy-6-phenyl-2(RHphenylmethyl)hexanoyl-valine amide, 
5(SH(1.1<limethylethoxycarbonyl)aminoH(S)-liydroxy-6^henyl-2(^ 
methylaminoethyl)-valine amide, 

N-(cis-1 -hydroxycyclop8nt-2-en-3-y i)-5(S)-(1 .1 -dimethy lethox6ycarbonylamino)-4{S)-hydroxy-6-phenyl-2(R)- 
(phenylmethyl)hexanamide, 

5<SH(1.1-dimethylethoxycarbonyi)aminoh4(Shhydroxy-6-phenyl-2(RHphenytmethyl)h^^ 
5-isoxazoloyl-m ethyl )vaiine amide, 

N-(cis-2(R)-hydroxy-1(S)-indanylh5(S)-benzyloxycarbonylamino -4(S)-hydroxy-6-phenyl-2(RHpfienylmethyl)- 
hexanamide. 

N-(2-hydroxyethylV5(SH1.1-<iin^ethylethoxycarbonyIamino)-4{S)-hydro^ 
isoleucyt*amide. 

5(SH1.1<iimethylethoxycarbonylaminoM(S)4iydroxy-6i3henyi-2(R)-(ph 
phenyl glycine amide. 

N-(cis-2(R or S>-aminocarbonyl-1 (S or RHndanyl)-5(SH1,l-dimethylethoxycarbonylaminoH(S)-hydroxy-e- 
phenyl-2(R)-(phenylmethyl)hexanamide. 

N-<2(R)-hydroxy-1 (SHndany i>-5(S)-[(1 . 1 -dimethy lethoxycarbony l)aminoH<S)-hydroxy-6-{4-hydroxyphenyl)-2- 
(R>-(4-hydroxyphenylmethyl)hexanamide, 

N-(cis-2(R or S)-carboxy-1 (S or R)-indanyl)-5(SH1.1 -dimethy lethoxycarbonylamino)-4{S)-hydroxy-6-pheny I- 
2(RHphenylmethyl)hexanamide, 

N-{cts-2(RHiydroxy-1(SHndanyi)-5-<1,l-dimethylethoxycarbonylamino)-4(S)-hydroxy-e-ph^ 
nitrophenylm.ethyl)hexanamide. 

5(S)-(1,lKJimethylethoxycarbonylamino)-4(SHiydroxy-6-phenyh2(RH4-nitrophenylmem 
hydroxyethyl)-phenylglycine amide, 

N-{cis-2(R)-hydroxy-1 (SHndany l)-5(SH1 .1 -dimethylethoxycarbonylaminoH<S)-hydroxy-6-pheny l-2(R)-(4. 
aminophenylmethyt)-hexanamide, 

N^1,lKllmethylethoxycarbony[>5{Shamino-4<S)-hydroxy-6i3henyl-2(RHphenylmethyl>-he 
morpholino)propyl)hvaline amide. 

hK5-amino-5KJeoxy-DHibosyl]-6(SH1 .1 -<liniethylethoxycarbonylamino)^ 
phenylnrwthyl-hexanoyl-valine amide. 

NK5-amino-5^xy-2;3,0-isopropylidene-OHibosyl)-5(SH1 J methyletho^ 
phenyt-2(RHphenylmethyl)hexanoyfr-valine amide. 

5(SH(1 .1 -<lim thy! thoxycarbonyl)aminoH(SHiydroxy-6-phenyl-2(RHpheny Imethy l)hex^^ 
pyndylmethyl)valtn amide, 

5(SH(1 .1 Kfimethy lethoxycarbony l)aminoH(SHiydroxy-6-pheny ^2(RHphenylmethyl)hexanoy 
pyridylm6thyl)vaiin amid . 

5(SH{1 i1-<lim thylethoxycarbonyl)aminoH<R)-b nzyi-4{S)-hydroxy-6-phenylhexanoyl-N-(2-{2-(2- 
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methoxyethoxy)ethoxy]ethyl)valine amide, 

5(SH(1 J -dimethylethoxycaitcMiyOaminoJ-aiShhydroxy-e-phenyl-^ 

pyridylmethyl)valine amido, 

N-(cis-3(S)-hydroxy-4{S)-benzopyranyl]5(S)-{1 . 1 -dimethylethoxycarbony lamino)-4(S)-hydroxy-6-pheny l-2(R>- 
phenylmethyl-hexanamide, > 

N-(l R2S-dihydroxy3S-indany l)-5{SH1 .1 -dimethy lethoxycarbony lamino>-4(S)-hydroxy-6-(4'-hydroxypheny !>• 
2(RH4'-hydroxyphenyl)melhylhexanamid0. 

N-{cis-2(R)-hydroxy-1 (S)-indanyi^5(SH1 JHjimethylemoxycarbonylamm 
(phenylthiomethyl)hexanamide, 

Dilithium NK2-phosphoryloxyethyl)-5(S)-(1 jKSimethylethoxycarbonylaminoM( 

{phenylmethyOhexanoyl-isoleucylamide. 

N-(Methyl-5-amincK5-deoxy-(a^)-[>xyiosyl>-5(SH1 .1 <limethy tethoxy^^ 
2(RHphenylmethyl)hexanoyl-I!0 amide. 

5(S)-[(4-pyiidyImethoxycarbonyl)aminoH(S)-hydroxy-6-phenyl-2(RHphenylme 
benzimidazolyknethyO-lle amide. 

N-(cis-2(R>-hydroxyO (SHndanyl)-5(SH1 .1-diniethylethoxycait)onylami 
(1 ,1 -dimethytethyl)phenylmethyl)hexanamide, 
or phamiaceutically acceptable salt thereof. 

26. The compounds of Claims 1-25 in combination with any of the antivirals. immunomodulators. 
antibiotics or vaccines of Table IV. 

27. A phamnaceuticai composrtion comprising the compounds of Qaims 1-25 and a phannaceutically 
acceptable carrier. 

28. A pharmaceutical composition comprising the compound in combination according to Claim 26 and 
a pharmaceutically acceptable carrier. 

29. The phamiaceutical composition of Claim 27. for use in the treatment of AIDS, in the prevention of 
infection by HIV. in the treatment of infection by HIV. or in the inhibition of HIV protease. 

30. The phamiaceuticai composition of Claim 28 for use in the treatment of AIDS, in the prevention of 
infection by HIV. in the treatment of infection by HIV. or in the inhibition of HIV protease. 

31. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
treating AIDS. _ 

32. The use of a compound in the combination according to claim 26. for the manufacture of a 
medicament useful for treating AIDS. 

33. The use of a compound of any one of claims 1 - 25 for the manufacture of a medicament useful for 
preventing infection by HIV. 

34. The use of a compound in combination according to Claim 26. for the manufacture of a medicament 
useful for preventing infection by HIV. 

35. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for treating infection by HfV. 

36. The use of a compound In combination according to Claim 26. for the manufacture of a medicament 
useful for treating infection by HIV. 

37. The use of a compound as claimed in any one of Claims 1 - 25, for the manufacture of a 
medicament useful for inhibiting HIV protease. 

38. The use of a compound in combination according to Claim 26. for the manufacture of a medicament 
useful for inhit)iting HIV protease. 
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